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PREFACE. 



TO TBI 



FIRST AMERICAN EDITION. 

Professor Schleiden [of the University of Jena,] 
is one of the most distinguished botanists of the 
present day. In the production of the present ad- 
mirable work he has conferred a great favor upon 
every lover of Nature. By its peculiar character, 
it meets an actual want in literature which has long 
been felt. There is, indeed, no lack of floras and 
text-books for the schools — works which pursue the 
science of Botany to its minutest details. But such 
treatises are necessarily dry, unimaginative — ^regard- 
ing plants and flowers chiefly as " materials for an 
herbarium," or, on the other hand, as food for ani- 
mals. But the Vegetable World has a higher sig- 
nificance than either the education of man's intellect, 
or even the maintenance of animal life. With its 
sweet influences, man's heart, — his moral nature, is 
in intimate communion; and through them, God 
reveals himself to the soul in his most endearing 
attributes. By the teachings of tbe Vegetable World 
the tone of our mon^ betjigf )i. affected in no small 
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degree, and flowers are oftea interwoven with the 
web of human destiny. In a word, the heart of man 
is susceptible of no purer or more enduring earthly 
pleasure, than that which it experiences in its free 
communion with the exhaustless beauties of the 
Vegetable World. 

But this aspect of Nature — ^its spirituality — lies 

beyond the reach of pure science. In vain are its 
microscopic researches, in vain its most refined 
analyses; for this principle, like "the principle of 
life," is immaterial, and exists not in material Nature, 
where we seek it, but within ourselves. That harp 
which is susceptible of such harmony, is strung 
within our own bosoms ; but it is the sweet breath 
of Flora which awakens its mysterious power. 

Herein lies the charm of the present work. While 
its author has everywhere exhibited the principles 
of science in the most perspicuous and attractive 
style, he has also contrived to blend with them the 
imaginative and the spiritual, and thus to render his 
work the exponent of the relations of the plant to 
the human soul. 

In bringing this volume before the American 
public, we have availed ourselves of the English 
translation of Arthur Henfrey, RL.S. The only 
objections to this excellent version which have 
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appeared obvious to us, were such as resulted from 
the translator's fidelity. la endeavoring to preserve, 
by a literal rendering, the true spirit and the glow- 
ing style of the original, he has given us, occasion- 
ally, sentences too long and involved, and sometimes 
too much incumbered with epithets to suit the 
genius of our language. In such cases, we have 
frequently ventured to substitute a more simple 
version of our own. 

The reader will often meet with editorial Notes 

and References in these pages. Most of them are 
merely explanatory. In others, we have felt obliged 
to express our dissent from certain views and theo- 
ries of the author. In two instances, we have taken 
the liberty to suppress passages which were more 
liable to be construed as oflfensive or irreverent in 
this country than in that of the writer. 

Notwithstanding the few passages in which the 
sad declensions of the national heart are scarcely con- 
cealed in our gifted author, we are fully confident 
that no lover of Nature can peruse the following 
pages without a feast of delight, or arise from the 
perusal without increase of knowledge, and enlarged 
conceptions of the Creator.'s glory in the arrange- 
ments of the Vegetable World. 

ALPHONSO WOOD. 

CoUepe Hill (near ancinnaH), March 25tA, 1853. 
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The following Essays haye been composed during the 
course of the last eight years, at the instance of an intelligent 
and cultiyated circle, free from "the dust of schools," and 
were by no means intended for publication; in this point, 
however, I have yielded to the wishes of my friends, and so 
now find myself compelled to add a few words, in order to 
place thes^ Essays in their proper light. 

From the nature of the circumstances which led to their 
composition, they were not, of course, intended to teach the 
positive substance of the science, to Jbring forward new results 
from my own researches or to solve problems of inquiry. 
Here and there even may perchance be foimd, in spite of all 
my efforts to avoid it, some trifling matter not quite correctly 
stated; but this defect will not at' all interfere with the design 
I had in view in the preparation of these little essays. My 
chief aim was, in fact, the satisfaction of what may be called 
a class-vanity. A large proportion of the uninitiated, even 
among the educated classes, are still in the habit of regarding 
the Botanist as a dealer in barbarous Latin names, a man who 
plucks flowers, names them, dries and wraps them up in 
paper, and whose whole wisdom is expended in the deter- 
mination and classification of this ingeniously collected hay. 

(vii) 



Viii INTRODUCTION. 

This portrait of the Botanist was, alas ! once true, but it pains 
me to obsei-ve, that now, when it beai-s resemblance to so few, 
it is still held fast to by very many persons; and I have 
sought, therefore, in the present discourses, to bring within 
the sphere of general comprehension, the more important 
problems of the real science of Botany, to point out how 
closely it is connected with almost all the most abstruse 
branches of philosophy and natural science, and to show how 
almost every fact or larger group of facts tends, as well in 
Botany as in every other branch of human activity, to suggest 
the most earnest and weighty questions, and to carry mankind 
forward beyond the possessions of sense, to the anticipations 
of the spirit. 

If, through my efforts, the reader of these sketches shall 
hereafter hold a worthier opinion of Botany, and the Botanist 
shall form a more accurate conception of the compass and 
objects of our Science, I shall be content. Should they excite 
an interest for Botany itself in a wider circle, should one or 
other reader be led by my words to wish to penetrate further 
into these so agreeable and so inexhaustible questions, my 
desires will be more than accompHshed. 

A few words more, as to the mode of treatment of the 
subject, may here find place. True to my own convictions, I 
have kept free from all the pratings of the physiophilosophers 
of the Schelling school, and I am firmly persuaded, that 
Science has no need of these fopperies to make it appear inte- 
resting to the uninitiated. Himiboldt in his Views of Nature, 
Dove in his masterly Lectures on the Climate of Berhn, have 
proved that science may really appear lovely and captivating, 
without adorning herself with the false tinsel of those con- 
sdoxis or imconsciouB falsehoods, which would substitate 
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poetry for thought, imaginaclion for knowledge, or dreams for 
truths. I have endeavored to adorn these essays with as 
many graces as my imperfect aesthetic culture enabled me to 
impart, but that it has not beea my intenticm to enter the lists 
with those masters of language, need scarcely be mentioned. 
I belieye, however, that if men of science would more often 
seek to introduce truth into society, in fair attire, the path of 
that intolerable, mystical and pretentious, empty chattering, 
would be more effectually arrested than by any rational argu- 
mentation against it. Our people have too sound a judgment, 
too pure a taste, not to prefer, without much hesitation, the 
true and valuable to empty straw, if the two be but offered 
them in equally palatable form. 

With regard to the contents of the individual chapters, 
from the circumstances under which they originated, each is 
of course complete in itself and independent of the others, at 
the same time a kind of thread runs through all, essentially 
ccmnecting them. I may be allowed perhaps to make this 
more evident by presenting it here in an isolated form. 
• The vegetable world, if it be but looked upon as something 
more than the materials for a herbarium, offers so many 
points of contact to the human race, that those who devote 
themselves to its study, instead of having to complain of want 
of material, become oppressed with the multitude of interest- 
ing questions and problems which crowd upon them. The 
different subjects of consideration may be conveniently ar- 
ranged under four aspects ; firstly, the condition of the plant 
itself a» a question of scientific inquiry; secondly, the rela- 
tions of the individual plants to each other ; thirdly, the rela- 
tions of plants as organisms to the organism of the whole 
earth; and fourthly, the relation of the human race to the 
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yegetable world. But since each of these four relations is 
fulfilled by the plant at one and the same time, it is infinitely 
difficult, if not impossible, to keep each aspect clear and 
xmmixed, and when we enter upon one of these relations with 
the desire to subject it to closer investigation, we are always 
involuntarily constrained, sooner or later, to direct our atten- 
tion to the rest and to draw them within the circle of our 
researches. Though we establish upon these questions, 
according to their order, the following branches of study: 
Theoretical, or Pure Botany ; Systematic Botany ; Qeographical 
and Applied Botany ; yet not one of these can be treated from 
its own principal point of view alone, if it would lay claim to 
a scientific or profound character; still more difficult is it, 
however, to keep strictly within the boundaries of these four 
divisions when the object in view is not dry scientific teach- 
ing, but a lively demonstration of the more -important points. 
In the following essays, therefore, the division into these four 
branches can only be adopted to a limited extent, and a freer 
treatment becomes necessary from the abundance of material 
which continually allures us to turn aside from our path, to 
gather here and there a bright or fragrant flower; or the 
oompanionship in which we wander through the land of 
science, induces us oftentimes to leave the straight, but dusty 
and fatiguing high-road, now to pursue our course through 
lanes which wind among pleasant meadows, now to explore a 
shady forest path. Let us see whither we are going. 

A plant is not, like a crystal or a pure fluid, a perfectly 
homogeneous body, to fathom the nature of which it suffices 
to know the substance composing it and its external form, it 
is far more than this; built up of many minute and most 
curiously formed cells, filled with most varied matters, a 
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thorough and penetrating examination of its internal Stmctare 
must precede all other considerations (n). But the little 
bodies, which I have just named, the cells, are in almost 
every case so small, that the miassisted eye is not hj any 
means equal to the task of their investigation. The micro- 
scope is the necessary instrument, without this the* Botanist 
can make no step forward in security. Now there are many 
persons laboring under the delusion, that for microscopical 
researches merely an eye and an instrument are necessary, 
and all may be done. But not only is the use of the micro- 
scope an art to be acquired only by considerable pains, but 
scientific vision with even the naked eye has its difficulties; 
80 that it is particidarly necessary to indicate at least the point 
of view, from which the use of the Eye and Microscope is to 
be regarded (i).* 

Advancing a step, the next question that meets us is, to 
discover what then combines all those little organisms, the 

cells of the plant, into a single individual; and our attention 
is thus directed to the consideration of the forms which are 
constructed out of these cells. Morphology, or the study of 
form (iv), makes its own distinct claim to the exertion of our 
perceptive facidties. Here, however, we rarely find that we 
have to deal with a simple plant, for most vegetables consist 
of a multitude of individuals grown together and vitally con- 
nected, like the colony of polypes on a coral ; these are the 
product of the propagative activity of the plant, and, there- 
fore, before we enter upon morphology, it appears more judi- 
cious that we should trace out to some extent the Propagation 

of Vegetables (m). 

• 

• Qnekett, " Practioal TreatiBe on the Use of the Microscope."— 
Bailliere. 
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When we have become acquainted with the internal and 
external structure of the plant, we see how it rejoices in an 
untiring power of development, ever calling forth new plants 
in inexhaustible abundance, careful that no bare spot shall 
show itself in the rich and variegated carpet with which 
nature clothes the naked earth. The development of the 
form and organs of the plant, the caUing forth and the pro- 
duction of numerous descendants, requires material. It must 
come into existence, maintain itself and multiply, and thus 
we are led to the Nutrition of plants. At this point, more 
particularly, we are compelled to observe the relations of the 
plant to its supporter, the earth, and to, its destroyer, man. 
The whole animal world, and, above all, mankind, asserts its 
claim upon the vegetable world ; this must furnish sustenance 
to a countless poor, since it subsists and grows subject to the 
destination that the matter appUed to its own development 
shall, moreover, serve for the food or uses of the other earthly 
organisms. This nutrition of plants, however, may be looked 
at in two ways, for, to express it briefly, if we bum a plant, 
a portion only is destroyed, which combustible part we call 
the organic matter of the plant, and this claims our especial 
interest (vi), because it includes the main substance of the 
nutriment of the animal world. But a varying proportion 
of the plant remains behind, as ash, after the burning; and 
this also, which we call inorganic matter, invites our atten- 
tion (vn), so much the more, indeed, when we find that this 
asb; improbable as it may at first appear, likewise plays no 
unessential part in the nutrition of animals and man. In both 
ways of looking at the subject, we are reminded that man, 
where advanced civilization has crowded him more closely 
upon small areas, is and can be no longer content with what 
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mother-earth freely brings forth and proffers to hun as food, 
but agriculture must furnish him with the means to satisfy 
his increased necessities. But man only plows the field and 
strews the seed; in faith he awaits a blessing from aboye. 
All vegetation depends far more closely than is usually 
believed upon the phenomena which, in sunshine and cold, 
drought or rain, in the storm or the soft breath of the south- 
western breeze, constitute that which we call weather and 
climate. We shall, therefore, justly make the consideration 
of Weather precede the investigation into the nutrition of 
plants (v). 

While the fact of the plants preparing their nutriment is 
the most important basis for the existence of the animal world 
upon the earth, man is also entitled and enabled by his indus- 
try to make an incomparably greater use of plants and the 
matters contained in them. Thus is opened a new, and, 
indeed, almost imboimded field. Need I enumerate all the 
crafts which derive the material on which their labors are 
exerted from the vegetable kingdom t Every one who looks 
around his chamber or his household, will be at once aware 
of how many of the conveniences and pleasures of life he 
must be deprived if the vegetable world should cease to pay 
its tribute. Need we open all the drawers and boxes of the 
grocer or the druggist, to see what a store of means vegeta- 
tion contributes here also ? A general summary would give 
but a dry catalogue of names ; a detailed accoimt of all would 
occupy many volumes. We will be content with a single 
example, and examine somewhat closely the Milky Juices of 
plants (viii). 

The formation of milky juices is not confined to one, nor to 
a small number of allied plants, but we find at least three 
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yery large groups, which principally furnish this interesting 
substance. The number of distinct species of plants is so 
great (probably, according to the estimate of some writers, 
200/000), that to enable us to survey this mass, a scientific 
expedient has been requisite, in the shape of a systematic 
arrangement of the different genera. Fortunately, Nature 
meets us half-way. In all the external forms, in the number, 
the arrangement and the structure of the separate parts, in 
the laws which regulate their development, the larger groups 
of species of plants exhibit a great agreement among them- 
selves, and by this very fact are distinguished from other 
groups. Who can notice, at the time of blossoming, a carrot, 
the hemlock, parsley, chervil, anise, dill, and the rest, with- 
out being struck with the agreement of these plants in general 
structure? Who would not, in like manner, perceive the 
close relation which exists between the various kinds of cab- 
bage,, the mustard, horse-radish, turnip, and similar plants? 
Any one who examines a little more closely, will recognize a 
multitude of plants which are distinguished by a strong 
aroma, the balm, mint, sage, thyme, marjoram, lavender, etc., 
and a wonderful agreement of structure will be observed. 
Thus Nature herself indicates to us the path we are to take ; 
following out such traces. Botanists have gradually recog- 
nized and characterized a great number of these groups of 
plants, which they have called Families. That in this, as in 
the foregoing case, there is no space here for completeness, 
need scarcely be mentioned, but we could not deny it to our- 
selves to take one family, as an example, and characterize it 
more accurately (ix). 

In the group selected, the Cactus plants, our attention is 
attracted, among many other things, to their remarkable dis- 
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tribution over a comparatiyely small part of the earth's sur- 
face; and this leads very naturally to the question, how 
the different species of plants spread themselves over the 
earth in greater or lesser groups ; whether this distribution is 
the result of accident, or is regulated by laws, and if so, what 
laws ? Well, let us follow Humboldt's footsteps, and conmiit- 
ting ourselves to the care of such a guide, let us enter a new, 
widely-expanded region, first discovered by him — Geogra- 
phical Botany (^)* A science of a pecuhar nature, still 
young and burdened with all the faults of youth, overflowing 
with the fullness of life, certain of a fair and powerful man- 
hood, but still disorderly and obscure, gathering much, at 
present unintelligible, for use in riper years, and as yet 
dreaming much more than thinking. A brief outline of its 
attractive phenomena cannot but prove interesting. This 
youth leads forward a sister, still younger, yet indeed in the 
tenderest age of childhood, but a hopeful bud nevertheless. 
Let us turn with friendly ear to her childish prattle, the chords 
full of promise of a future harmonious beauty ; if she do not 
teach us very much, she will help us pleasantly to while away 
a brief hour. Why shoidd we not then afford a httle place 
to her, the History of Plants? (xi). 

And ought we here, above all places, to shun children? 
Are noi children, flowers — flowers, children? An uncon- 
scious imfolding, a peaceful, sweet but* dream -Hke existence. 
How close is that comparison which ^ poets have so oft 
expressed : 

" Sweet flowers gaze on ns 
With gentle child-like eyes." 

It is referable to the similar {one which is set vibrating in 

* *' Kosmos ; a General Survey of the Physical Phenomena of the Uni- 
verse." — ^Bailliere. 
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our souls by the contemplation of children and of flowers. 
But every one will readily admit, that this resemblance is 
limited to certain flowers. No one will assert it of the white 
Lily, of the toad-like speckled Stapelia, or of the magic Queen 
of the Kight. Still less will the parallel hold good for the 
whole yegetable kingdom. Rather does this make the most 
varied impression on the human sense, according to the 
manifold shapes in which it presents itself ; but ever one so 
difficult to repel, that scarcely can the rudest of mankind 
altogether avoid it. Like all nature, the vegetable world is 
to us a hieroglyphic of the Eternal ; in the material fashion- 
ings do we seek and And the indication of a spiritual existence. 
Well might we here look for a special study of these matters, 
the ^Esthetics of Plants (xn), which should contemplate them 
in their relation to the human spirit. But alas 1 we have none. 
A few fragmentary indications must supply its place. 

This will suffice to show the chain which binds the contents 
of the separate Essays into a settled whole ; it is necessary, 
however, to add a few words respecting the garb in which 
they appear before the public. "Fine feathers make fine 
birds," it is said; and so why should not a fine book make 
fine Essays ? In point of fact, this is not altogether a jest ; 
to a certain extent, it is unpleasant earnest. These treatises 
were not written for the reading, absent public, but for the 
hearing and seeing audience. All coidd be made lively and 
attractive to those pfesent, by living illustrations, demonstra- 
tions imder the microscope, and the exhibition of abimdance 
of pictures. These adornments may have given the essays 
an interest in the eyes of favoring friends, which led them to 
desire their publication. The rharm thus upheld, where one 
has all the facts before one's eyes, and, following the exposi- 
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tion, feels as if deducing the conclusions of science itself firom 
observation ; this charm necessarily disappears when such a 
treatise is read; with the ornaments goes also the estimation 
in which the matter is held, and is wholly, or for the most 
part, lost. The author has, therefore, to dread, especially 
when he speaks of relations of form, in which the best 
description can never represent the appearance, that his 
reader will be wearied, when he could easily keep up a lively 
interest in his hearers and spectators. 

To obviate this difficulty, it became necessary to bring at 
least some little aid to the reader, in the shape of pictorial 
illustration. But, since I could not aim at costly copper- 
plates, which would have defeated the purpose in view, I was 
compelled to restrict myself a little more to assist the feuicy 
of the reader with sketches and make a demand upon his 
imaginative faculties. Thus originated the pictures which 
have been determined on as illustrations to these Essays, 
regarding which I have but a few words to say. They relate, 
in every instance, to the contents of the Essays in which they 
are found and for the most part are amply described there. 
The title vignettes are explained by some remarks upon the 
foot of the title itself: to some, explanation is imnecessary. 
May then the garb be gay enough to hide the faults and 
weaknesses of the mt^tter, or at least to render them less evi- 
dent; in short, may these really unpretending thoughts find 
indulgent and friendly readers. 

2 
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THE EYE AND THE MICROSCOPE. 
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Oenhifl adTitam nihil ftett» ad Titam teaiam nihil magia. 

UHSGA, 
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f ' Iha aye, no aenltor of duty, 

Bat miniater of aU Bfi's beanly. 





CHAPTER I. 

Thb words of an ancient sage, so apt a motto for timi 
discourse, may not perhaps remain wholly un- sght, — tha 
contested ; at all events, pretty general expe- «»" ^ <*• 
rience shows that while all perfectly deaf 
persons are sad, gloomy, and hypochondriacal, all the 
blind are gay and cheerfdl ; the eye leads only into the 
world of matter, bnt the ear into onr proper home, into the 
communion of spiritual existence. Nothing can be more 
unquestionable, however, than that among all our senses, 
there is not one to which we either actually owe so many 
elements of our knowledge of the world we live in, or 
attribute so jmuch of that which we have, — ^it may be an 
incorrect, knowledge of, — as to the sense of sight. Above 
all, it is t/ie sense which originally introduces and un- 
ceasingly expands our whole knowledge of the corporeal 
world, and we may, therefore, with great propriety, call 
it the Sense of the Naturalist. We can scarcely imagine 
natural science to exist without it, and it the more pre- 
eminently deserves a close examination, since this itself 
will be the more fruitful, that most of the general laws 
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which onr inyestigations make us acquainted with, not 
only regulate it, but, making allowance for special pecu- 
liarities in the particular senses, are applicable to sense 
generallj. 

Mtt»s two. As we run through the history of the gra- 
fcid nature. ^^^Q development of our knowledge of Nature, 
we are met by a phenomenon which has ever had the 
greatest possible influence, almost always intermingling 
itself with our researches, checking and perplexing us, 
and bedinnning our vision of the simple and clear con- 
formity to law. Reflecting Man, feels himself at once a 
citizen of two worlds. His existence is not wholly com- 
prehended in the mere corporeal world ; a freer, more 
spiritual existence, in which he seeks immortality, in 
which he bethinks him of God as a beneficent ruler, 
claims its share of his being. Most mysterious and, 
while we are but men, ever incomprehensible is the 
blending of soul and body — ^the spiritual and material — 
in our nature. Where is the limit of the one and the 
commencement of the other 2 Mankind in general, and 
even the most gifted seekers after knowledge, answer us: 
We know not; no boundary can be detected ; they pass 
over and inter-penetrate each other in every direction. 

j^bid and Here lies the path of delusion, pressing 
body totally itsclf 80 closcly ou the uoticc of the inquirer, 
that only by unceasing effort can he avoid it, 
that often it misleads the most intelligent : and yet a 
path utterly delusive, since mind and body are in us so 
strictly, so inevitably separated, that the chasm between 
them is at no point bridged over. This is not the place 
to unfold all the relations of this connection, or funda- 
mentally to discuss it in its whole extent, but the carcfrd 
examination of that which we call Sight, will give us 
occasion to point out, at least in one instance, the great 
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gap between the corporeal and the spiritnal, as the un- 
consciousness of their separation in the eye has often led 
the greatest observers into perplexities. 

What is the world wherein the eye finds its ^^ t,^^^^ 
home — what the domain of sight? The world *»>«wt' rf 
of Ught and color. TheUghl^ "^^ 

" From matter streaming, it makes matter bright, 
Matter arrests it on its onward flight— 
And so I fancy 'twill bnt have its day, 
And when the matter vanisheS| so fade away.'* 

In a few powerful touches, Mephistophiles thus reviews 
the whole doctrine of light. Light, if we contemplate 
it wholly by itself, is not transparent, not yellow, and 
blue, and red ; light is a motion of a matter of extreme 
tenuity extending through all space, the ether — ^vibra- 
tions which are propagated in straight lines through this, 
like the waves of sound throu^ the air. In their 
straight course they strike upon bodies which lie in their 
way, and if the body is what we call opaque, recoil like 
billows striking on the sea-shore ; but if the body is 
transparent, they pass through like waves through a 
canal opening into the sea. Coal-gas bums, and during 
its combination with oxygen, it sets the ether vibrating, 
it emits light; the coal-gas is burnt, and with the matter 
which has ^Wanisbed," ^^so fS»ies" also the light. An 
infinite ocean of ether filling the whole universe, and 
in it thousands upon thousands of waves hastening in 
every possible direction, crossing, destroying or deaden- 
ing each other ; this is the material nature of light and 
color. Who can say that he has seen this light, these 
colors ? So little are we in a condition to do it, that the 
acuteness of the greatest intellects was required to unfold 
to us this the true nature of light. 
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Teiodty of Thpough the thick roof of vine-leaves, a 
Ui^t sunbeam trembles in the calm, favoring shade; 

yon believe it is the ray of light yon see; but far from 
that, what you perceive is nothing but the fine dust, car- 
ried through the air by the most gentle breezes ; and these 
are by no means the waves which chase each other in 
restless succession through the ether at a speed of more 
than 190,000 miles in a second. If the natural philoso- 
pher could extricate himself from his human nature, and 
look upon the world around with the eye of science alone, 
he would behold but a desolate, colorless, and lightless 
mass, a gloomy and vast piece of clock-work, in which 
thousands of substances and motive forces were united 
in an ever-varying dance. 

„ . But let us now look on the fairer reverse of 

Morning. — 

hw pieasoiw the picture. Night is past; the fivifying ray 
^^^* »pi- Qf the morning sun comes darting over the 
distant hills. The verdant meadows glow, 
warmed by the touch of heavenly light. Here the flower 
opes her crown of radiant hues to the wished-for ele- 
ments ; soon flutters the awakened bird his gorgeous plu- 
mage through the blue air ; the splendid butterflies 
caressing swarm around the lovely rose, — while close at 
hand, the busy beetle in his emerald coat creeps up the 
dusky moss to quench his thirst in sparkling dew-drops. 
A whole, full, beauteous world of light and radiance, of 
colors, and shapes, lies outspread before us ; every mo- 
tion is life, is beauty, and beautiful in its freedom. "And 
I see all," says man, and turns his thoughts in ecstasy 
to the Giver of all good. But what is this sight ? It is 
not a perception of what actually exists without. It is a 
magical phantasmagoria, which the mind itself produces 
in free creation, guided and restrained only in a won- 
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drons fitshion bj that which actually exists without, and 
all unconscious meanwhile of this very actuality. 

When the voyager on the ocean reaches the Th6««8(mtfi- 
southern latitudes, the majestie form of the •™c«*»-" 
Southern Cross emerges before him from the distant ho- 
rizon, shining in the deep, dark heavens, with a glory 
which we can scarcely imagine. " Glory and thanks to 
the Almighty Creator," he cries, and irresistibly impelled, 
he sinks upon his knees in adoration. Well may such 
thanks be oflFered to the holy Source of all existence, but 
not because He has made the world so fair, since this 
itself is neither fair nor foul; but because, as the old 
sage tells us, he breathed his spirit into man and thus 
bestowed on him the gift, to feel life, freedom, and 
beauty in all that surrounds him. 

As distant from each other as these two ooiorofthe 
sketches, lie the worlds of matter and spirit. '•^ 
When the fresh green of Spring fills us with joyful hopes, 
when the yellow, falling leaf of Autumn pierces us with 
melancholy like a parting sigh, the leaf is but to us 
green and yellow, and in these colors an emblem of 
moral relations, in itself, to the tree which bore it, to the 
earth on which it falls, in a word, to all material nature, 
the leaf has no color but contains a substance repelling 
certain waves of light which then strike upon our eyes ; 
in Autumn it gives off some atoms of oxygen and die 
same waves pass unhindered through and through it, 
while other waves of a different nature are reflected. 

Let us dwell still a momeht on this example. The senses 
If we apply the fr^sh verdant leaf upon our ^^^nc*- 
tongue, and afterward try that bleached autumnal one, 
our sense of taste at once bears evidence of the difference 
in the chemical nature of the two conditions, but it pro- 
duces no conception of the color. K we crush near our 
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ear a fireoh and green, and a dried leaf, the difference of 
sound indicates that the latter has been deprived of its 
water^ but nothing tells us here that light will be re- 
flected in different ways by the fresh and dried leaves* 
In a word, we find that each of our senses is only sen- 
sible to a certain definite external influence, and that the 
excitation of each sense calls forth a wholly different 
conception in our minds. Thus, the organs of sense 
stand as mediators between the outer soulless world, 
which is laid open and made practicable to our footsteps 
by science, and the beautiful world which we spiritually 
discover within us. These first experience the impres- 
sions, these deliver over then the suggestions to the 
mind, suggestions guided by which the mind executes its 
world-pictures in color and form. 

The nwvea, ^^ ^^ ^^^ ^^^ ^^^ what is esscntial in 
their essential thesc orgaus of scusc — the artfully contrived 
organs. flkelcton, at once so firm and mobile, the pow- 

erful muscles which by their contraction set in motion 
that lever-work of bones — the heart with its multitude 
of tubes — ^the veins, a hydraulic engine of masterly exe- 
cution, which drives the nutrient fluid, the blood, through 
every part — the whole complicated structure of recep- 
tacles and canals into which the food is received, in 
manifold ways chemically decomposed and again com- 
bined, here mingled with the blood, there rejected as 
useless — the multitude of fibers and membranes which 
bind all parts together, inclose the whole and round it 
into the fair form of humanity — it is none of these. No 
part of all this reaches up to the domain of spirit. But 
through all these structures, penetrating all, pass mil- 
lions of the most delicate filaments, the nerves, which at 
one extremity spread out in those parts, at the other 
gather together in a single hemisphere, the brain. These 
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filaments it is which are excited by contact with the mo- 
tions and changes of the external world, and convey this 
stimulus to the brain. But the brain is the mysterious 
place where soul and body meet. Every alteration in 
the brain is accompanied by change in the play of our 
ideas ; with every thought directed to the external world, 
there is a concurrent alteration in the brain, which is 
conveyed by the nerves, as a command to the organ 
which the will would move. The nerves, therefore, are 
the peculiarly essential part of the or^Ems of sense, in 
which we have to seek the intermediate links between 
mind and body; if we would use them to instruct our- 
selves as to the nature of our ifpion with the material 
world, we must thoroughly inquire into their legitimate 
action. 

Two points only require notice, but these senntioiu 
are peculiar enough. The master has a curi- <****» dthutn. 
ous way of proceeding with his servant ; he, the mind, 
translates all that they, the nerves, bring him word of 
into his own language, and for every one of the servants 
has he a fellow. Let the fibers of the optic nerve be struck 
by what they will, let waves of light agitate them, the 
finger press them, the over-filled vessels pulsate on them 
or an eleotric spark dart through them, the mind trans- 
lates all these differeil^ impressions into the language 
of light and color. If from excitement the blood dis- 
tending the vessels, presses upon the nerves, we feel it 
as pain in the finger, we hear it as a humming in 
the ear, we see it as dartings of light in the eye. 
And herein we have the most distinct proof that our 
ideas are firee creations of our mind, that we do not 
conceive the external world as it really is, but that 
its action upon^us gives rise to a peculiar mental activity, 
the products of which have firequently a certain definite 



86 ' THE ETE 

connection with the onter world, but are also &eqnentlj 
totally unconnected with it. We press npon onr eye 
and behold a luminous circle before us, but there exists 
no luminous body. How fall and dangerous a spring of 
errors of all kinds here flows forth, is at once evident. 
From the odd shapes of the moonlight cloud-landscape, 
to the maddening visions of the ghost-seer, we have a 
series of deceptions, none of which fall to the charge of 
Nature or her strict conformity, but belong to the do- 
main of the free, and for that very reason, fallible activity 
of the mind. Great circumspection, a very comprehen- 
sive training, must the mind possess, before it can free 
itself from all its own misconceptions and learn wholly to 
command itself. Sight, in the common sense of the 
word, appears to us so easy, yet is it a diflScult art. Only 
by degrees do we learn what messages of the senses we 
may trust, and how to form our conceptions from them. 
Men of science may themselves err here — err often, and 
the oftener, the less they comprehend where they have 
to seek for the source of error. 

But still more striking than the relations 

Not con- , ^ ^ 

■dous of these just uufoldcd, is the fact, that the master, that 
°'^*^*°^ is the soul, receives messages from his ser- 

vants, the nerves, and delivers orders to them without 
being conscious at the moment of their presence. Not 
at first, but after his knowledge has progressed far for- 
ward, does man discover that nerves exist and have their 
appointed functions. He sees and knows not of his 
optic nerve, a burnt hand pains him but he is all uncon- 
conscious of the fibers that convey the impression ; he 
moves the tongue playing with fluent rapidity, but is 
ignorant of the course of its appointed nerves. In a 
word, we never experience the condition of a nerve, but 
from a conception of an external object immediately the 
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nerye is excited, and it required scientific intelligence to 
recognize this object as the cause of the excitement of a 
nerve. 

However, to retain the comparison we smaaoaiM 
have chosen, if the relation of the master to ^^^ 
his servants is one whdly pecnliar, the servants are no 
less of a quite especial kind. Ko one of them knows 
anything of another, is at all aware of his existence and 
activity, or shares it with him. Kay, what is still more 
important, no one of them, that is no nervous fibril, can 
carry more than one single, simple message at a time, 
and therein they resemble simple-witted servants. Two 
notices given to them simultaneously, become blended 
into a single one. This is most readily exhibited by 
touching with the points of an open pair of compasses, 
those parts of the body where the nerves are much isolated 
and lie &r apart, as in the upper arm or the median line 
of the back. When the points are as much as an inch 
apart, one single prick only is felt on the places men- 
tioned, because the nerves are so distant from each other 
that the two pricks fall in the district of one fiber, and 
this is incapable of conveying away more than one im- 
pression at a time. 

After these general explanations of the phnoeopiiy 
peculiar nature of nervous action, we may ^"^^^^ 
again approach our proper subject, by the special consi- 
deration of the optic nerve. Where this enters the eye- 
ball, it consists of a tolerably thick bundle composed of 
numerous distinct nervous fibers, and these expand in the 
eye-ball into a hemispherical plate, in such a manner that 
eveiy fiber occupies a small portion of this plate. The 
eye-ball itself, however, perfectly resembles an optical 
instrument, a camera ohscura^ and the hemispherical 
layer of the optic nerve, calkd the retina, correspoi^ds to 
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the sheet of paper which reoeiveB the picture. Eveiy 
one of the fibrils on which the pictore &11b, immediately 
catches up a point of it, and brings an account thereof 
to the brain where the conceiving sonl has its abode, and 
then this has to constme the pictore out of all these 
separate points. Whether this is tmly or fiEilselj con- 
strued depends on the training and cultivation which the 
mind has received. I may be told that we have not the 
slightest consciousness of this construction, and thai 
sight must be a much more simple matter than this. 
However, we can easily find some examples, showing 
that it is only habit which makes the matter so easy that 
we become wholly unconscious of the efforts of the 
mind. 

Sight to bo A child who has not had this practice often 
odoootod. construes falsely, grasps at the stars, as at the 
shining buttons on his &ther's coat; tries to blow out 
the moon, as he would the light upon the table. And 
we find lliat the same phenomena are observed in those 
bom blind, who have been operated on; one remarkable 
case of this kind, is, in particular, recoided in the annals 
of ophthalmic surgeiy, where a man bom blind obtained 
his sight in his later years, when he was capable of giv- 
ing an account of his experiences, and who was able 
fiilly to report how he gradually learned to collocate the 
different sensations of light and color into orderly vision. 
But the most distinct proof of the correctness of the 
assertion advanced lies in the fact, that we, when the 
conditions are misleading, construe falsely, when the pic- 
ture on the retina has given no cause. For instance, the 
moon appears larger when it rises, than when it is sail- 
ing over us in the dark ocean of the sky. But measure- 
ments show that the size is actually the same in both 
cases, and that its picture^^m the retina is always of the 
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Bame diameter. The reason of the Mae constmction is 
this ; when the moon rises above the horizon, between 
hills, trees, or houses we are familiar with, we jndge' of 
its distance from the objects snrroimding it, the real dis- 
tance of which we know. But when the moon is above 
in the vault of heaven, we fancy it nearer became there 
are no objects between it and ourselves, by which we can 
estimate its distance, l^us in the act of judging, ^ 
ceived by the distance, we construe differently one and 
the same retina-picture; therefore, under any drcum- 
stances onoe falsely. 

These investigations, which I have rather Bemite. 
sketched out and indicated, than given a complete pic- 
ture of, lead to the following result : in the actual world 
a multitude of substances and forces exist in a continual 
round of metamorphoses ; when these come in contact 
with the nervous fibers of our bodies, they alter their 
condition, and this altered condition is the cause of tho 
production of those pictures of the world, which our mind 
itself executes. This self-sustaining world makes the 
most lively impression on us when the exciting condi- 
tions are in relation with the optic nerves, but even here 
we can most distinctly prove that the world of our con- 
ceptions, though always dependent on the world without, 
is never homogeneous or identical with it. 

One more example may serve to render tim q^^ ,rtMQd. 
dear, and at the same time to bring us on our u^ «f n»en^ 
way to the subsequent considerations. Un- 
doubtedly the simplest condition which we can imagine 
to exist in the external world is that of substance, matter 
or whatever we please to call it, which occupies a certain 
space. Therefore, to make our conception of the world 
l^ree at all with Hie actual world, we must first of all 
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know, how great the space is, and how large a portion 
of the space the matter, for example a rock, occupies. 
But we have no scale by which to estimate the size of 
space, and, therefore, no definite notion of the size of the 
world. When we say: " this man is six feet high," that 
only means, " in the world of our conceptions the con- 
ceived man is six times the height of the conceived foot; 
it is but a comparison of t;;wo conceptions. Thence 
naturally originate the questions : how long is a foot, an 
inch, a line, and so on ? and we can only answer by com- 
parison with other just as indefinite magnitudes. We 
see at once that not even in the most simple case, can 
we arrive at a knowledge of the actual world fi*om the 
play of our conceptions ; the whole of our ideas of mag- 
nitude are without essential significance in relation to 
the world, they belong only to our conceptions. And 
yet the microscopist talks of magnifying, and thinks 
thus to understand the objects better than before. To 
comprehend this, we must yet philosophize a little longer 
about magnitude, to invest this ambiguous notion with 
more distinctness and substantiality. We call the foot 
of Schwanthaler's " Bavaria" colossal, the foot of a full 
grown man large and that of a lady small, and why ( 
This is easily answered ; if we divide each of the three 
feet into twelve inches, each inch into twelve lines, and each 
line into twelve parts, we shall find these twelfths of a 
line undistinguishable in the lady's foot, in the man's 
tolerably plain, but in the " Bavaria" we might divide 
these twelfths again into twelve parts, and every one of 
these would still be quite distinct. Here then we have 
at once found a simple definition of magnitude. A thing 
is large to us in. proportion to the number of [percep- 
tible] parts into which we can divide it. 
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Bnt there is another consideration which 
may occnr to ns in this definition of the idea. ^ 
We have accompaCnied a parting friend as far va the hill 
beyond the town, once more we embrace him, once more 
ga^ long and deeply on his countenance, to impress 
more firmly on onr sonl each dear, familiar feature. At 
last he leaves iis, hastens Ibence, while we stand linger- 
ing, gazing after him. He turns, and still we recognize 
the well-knoWn face. But the distance continually in- 
creases, and by degrees the peculiarities of shape vanish. 
A turn in the road hides him troxa us for a while ; then 
he emerges yet agpin on the slope of the farthest hill, a 
little, moving, black point ; he stops, waves his hand- 
kerchief, but we are scarcely able to distinguish this mo- 
tion and at last he disappears wholly in the distance. 
The farther our fiiend retreated firom us, the less dis- 
tinctly could we see him, the smaller he appeared, till 
at last a pin's head held before the eye would have been 
the larger. Whilfe we here remark 4iow an object well 
known to us becomes gradually smaller, and at last 
totally disappears, we become aware of the means by 
which we can enlarge an object, so as to see it more 
distinctly and distinguish a greater quantity of separate 
parts in it, namely by bringing it nearer to the eye. 

Experiment shows us, surely enough, the ^^^ ^^ 

applicability of this means ; but we soon dis- the simple mi. 

cover that there is a certain limit here, beyond "'^'^p®- 

which the object cannot be brought, in approaching it to 

the eye, without the loss of all distinct vision. The 

cause of this lies in the construction of the little camera 

obscura, which we call the eyeball. This, like the 

similar instrument of the optician, can be adapted only 

to certain distances, and if we wish to look more closely 

at anything, we must make a corresponding alteration 
4 
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in the optical apparatus, which is done very simply, by 
bringing before the eye a transparent body, shapcKl ac- 
cording to a certain law ; and for this purpose .we 
generally use glass, gi*ound into a particular form. 
8uch a glass is a lens or simple microscope, and its ac- 
tion consists in enabling us to see distinctly an object 
placed in such close proximity to the eye, that it would 
otherwise be invisible. It is unnecessary to enter into 
an explanation of the optical laws by which this action 
is regulated. I will only observe, that they render it 
very easy to determine how much an object must appear 
to be enlarged by a simple microscope of this kind. It 
is assumed, that on an average, the human eye sees dis- 
tinctly at the distance of ten inches, but not when the 
object is brought nearer. Now, if I use a glass which 
permits me to see the object distinctly at a distance of 
five inches, it appears twice as large ; at a distance of 
two inches and a half, four times ; at one tenth, a 
hundred times as large, and so on ; in a word, the en- 
largement depends alone upon the degree of proximity 
to the eye into which the object is brought. In former 
days, these simple microscopes were used very extensively 
and almost exclusively for the purposes of science, be- 
cause the compound microscopes were then so bad as to 
be far inferior to the simple instrument. The cele- 
brated Leuwenhoek made all his wonderful microscopic 
observations with simple spheres of glass which he made 
for himself, by melting fine threads of glass in a lamp. 
In the present day, the simple microscope is generally 
used where small magnifying power is required, the 
compound instrument where any considerable enlarge- 
ment is desirable. While the latter fatigues the eye 
comparatively little, observation with the simple micro- 
scope, especially with high magnifying power, is so great 
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a strain upon it, that disease of the eye is bnt too fie- 
quently the result". 

The principle of the compound microscope ^ ^ ^^^^ 
is also easily explained. It depends on a ponnd nioo- 
combination of the camera obscura with the ***** 
simple microscope. The common camera obscnra con- 
sists, essentially, of some glasses ground into the shape 
of a lens ; the rays of light proceeding from an object 
pass through these glasses and produce behind them a 
picture of the object, which is usually receiv^, in the 
common optical toy, upon a plate of ground glass or a 
surface of white paper. The ftirther the object is re- 
moved from the glasses, the smaller appears the picture. 
Brin^nping the object nearer, the picture grows till picture 
and object are of equal size. But if the object is now 
placed closer to the glasses, the picture becomes larger 
than the object. We never use the camera obscura in 
this condition, but we do the magic lantern, which in its 
essential construction is in no way different from it. In 
the compound microscope, an apparatus of this kind is 
made use of in such a manner, that the enlasged picture 
of the object is not seen immediately by the eye, but 
looked at through a simple microscope and thus again 
considerably magnified. For example, if the picture is 
a hundred times larger than the object, and we magnify 
this piotore ten times, the object, of course, appears a 
thousand times larger. Therefore, the compound micro- 
scope is composed of a double optical apparatus ; first, 
the glasses which are directed to the thing to be examined, 
or object, of which they project an enlarged picture, 
these are called the object-glasses, or objectives ; sec- 
ondly, of a simple microscope, by which the enlarged 
picture of the object is again magnified, and which from 
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being turned toward the eye, is called the eye-piece or 
ocular. 

Its power From the foregoing statements, it might be 
limited. imagined that we can magnify to any degree 
we like, since the size of the picture depends solely upon 
the extent to which we approach the object toward the 
object-glass, and then the enlargement of the picture is 
only conditional on the approximation of the picture 
to the eye. But so many practical difficulties oppose 
this theoretical possibility, that the instruments actually 
constructed all fall fer short of the theoretical limit. 

Its umita- I shall here mention only the most impor- 
tion explained, f^j^f^ circumstauce, and in order to make this 

clear, make use of a very familiar fact. Books intended 
for very general use, such as bibles and hymn-books, 
are printed in many different types, sometimes with very 
small, sometimes moderate sized, and, for the old and 
weak-sighted, with very large letters. A single word in 
the type of the last kind, is perhaps six times as large as 
in the first and is very easily recognized, but at the same 
time we of^ourse see no more letters in this than in Ae 
others. The same word also may be written by a clever 
penman so small, that to the unassisted eye it will look 
like a single black point. By magnifying the point it 
might be resolved into its separate parts, so that the 
letters and their flourishes would be distingaishable, 
but a further magnification would then merely enlarge 
the scale on which the letters were seen, without bring- 
ing into sight any finer parts before invisible. A simi- 
lar condition occurs in the microscope. Up to a certain 
point, the picture which the object-glass throws up is 
such, that the individual parts of the object are resolved 
or made distinct by the eye-piece. But a limit is 
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soon found, beyond which, on account of the imperfec* « 
tion of the object-glass, the picture which this throws np 
may, indeed, be enlarged, but this does not render any 
more of its individual parts visible. It is composed, as 
it were, of a certain number of letters, which when more 
magnified are more easily distinguished, but the in- 
creased enlargement does not show any apparently 
simple letter to be composed of two still smaller. From 
this cause arises the important circumstance, that with 
a well-constructed microscope we can often see far more, 
that is, more of the individual parts of the object^ with a 
low power, than when it has been much more enlarged by 
means of an inferior instrument. Now as in all scien- 
tific investigations, everything depends upon the recog- 
nition of the individual parts and structural relaticms, 
the enlargements by the microscope are only so lar of 
consequence as they enable us to do this more completely. 

The limit occurs in all the instruments yet Maacinmm 
constructed at an enlargement of fix)m three to p**^*^- 
four hundred diameters, and all stronger magnifying is 
either useless trifling, or, and indeed most frequently, 
only nominal, like the magnifying millions of times by 
the oxyhydrogen microscope which the charlatans boast 
of, and which in most instances does not exhibit so 
much as the fifty times of a good common microscope. 

From these observ^ons it will be evident Testoi^jeoto. 
that to the scientific inquirer it is of infinite importance 
to be able to form an accurate judgment of the goodness 
of an instrument in this respect, and the greatest efibrts 
have been used to discover some means thereto. To this 
end, have been sought what are called test-objects, which 
generally consist of objects exhibiting some delicate 
structure, difficult to make out. Either artificial or na- 
tural objects may be chosen for such test-objects. The 
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former have only been prepared hitherto by Bobert, an 
optician in Konigsberg, and consist of glass plates on 
which are rnled with a diamond, systems of a hundred 
lines which, ten by ten, approach closer together and are 
finer, according to a definite standard. With most in- 
struments only the sixth and seventh systems can be 
distinctly made out to be composed of separate lines, 
superior instruments reach the eighth and ninth. Ko 
instrument yet constructed has resolved the tenth system 
into its component parts. These systems of lines when 
they are perceived, are very evident, but they have the 
essential fault that they do not xjuite exactly resemble 
one another, and consequently every inquirer gets a dif- 
ferent standard. With incomparably greater accuracy 
works nature, and therefore the scales of butterflies are 
always regarded as the best test-objects. These are 
mostly little longish plates having a little stem, beset 
upon their sur&ce with fine longitudinal furrows, which 
are united by the most delicate possible transverse striae. 
These two kinds of strias are of very different degrees 
of fineness in different butterflies, and the cross-strisB of 
Hipparchia Janira^ a very common brown butterfly, 
are in particular so delicate that only the very best in- 
struments exhibit them distinctly. 

jficKaoopio Beside these common scales, there are many 
•idtoadenoe. othcrs of different shape and differently 
marked upon their surface, and when we have pursued 
the investigation of them for any length of time we are 
overwhelmed with infinite abundance of forms, which 
Nature has here developed in the most insignificant and 
diminutive parts. Many indeed, and especially in 
former days, have been content with the delight which 
the contemplation of these elegant forms afforded them, 
scarcely anticipating the importaace of microscopic 
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investigations to science, as may be seen from the titles of 
so many of the works published in the last century, such 
as Ledermuller's ^'Microscopic delights for the Eye and 
Soul," (Nuremberg, 1761), Eosel von Kosenhoff 's " In- 
sect Kocreations," (Nuremberg, 1746 — 61), etc. Yet 
observers were not wanting even thus early, who saw 
fully the seriousness of this branch of natural history 
studies, and we have an exaoo^e even of an excess in 
Swammerdam, who in his last days committed to the 
flames, a great portion of the results he had obtained 
only by the most tedious labors, because he thought that 
the Creator had not vailed these minute circumstances 
from the eyes of man without wise purpose, and it were 
sacrilege to profane God's mysteries. But such a n^^ion, 
if consequently carried out, wonld oppose every adyanoe 
of humanity beyond the rudest and almost brute condi- 
tion of Nature. 

It was reserved for our century to apply the micro- 
scope to its true use, to the study of Nature, and it is 
most delightful to observe how the application of this 
instrument continually opens new paths, and what ever- 
widening circles of the most interesting results are 
won. 

It may readily be conceived that the study ^he mfcav- 
of the conditions of the minuter structures of ■«>peineh«ia. 
animals and of man himself, must throw a 
whoUy new light upon the physiological processes which 
go on within the body, and, in point of &ct, in all 
branches ol medical science, a new era must be dated 
from the application of the microscope. And it is equally 
evident, that the microscope must be a most distinct 
" turning-point" in the knowledge of the more minute 
organisms of the animal and vegetable world. But it is 
not quite so plain^ how microscopio observation should 
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find its peculiar field in the departments of chemistry, 
mineralogy, and geognosy. Nevertheless, it has its im- 
portance here ; this has, indeed, been already recognized 
by some of the most distinguished inquirers, and must, 
erelong, be generally compreh^ided. In organic che- 
mistry, especially, an instrument cannot be spared, 
which alone, oftentimes, will enable us to decide whether 
we have to do with a simple substance, or a mechanical 
mixture of various constituents. Many purely imagi- 
nary substances would never have cumbered the field of 
science, the powers of great inquirers which have been 
wasted on them would have been saved, had the nature 
of these things been first investigated by the microscope. 
Thus we find even the first chemists, such as Berzelius, 
Liebig, etc., speaking of substances which have no ex- 
istence. Thus, the starchy fiber of potatoes, by which 
is understood the unprofitable portion, is a mixture of 
starch and ligneous fiber or cellulose, both wholly of the 
usual kind ; so is poUenine, as the elementary constitu- 
ent of pollen is called, a multifarious mixture of a great 
many distinct and well-known substances. Innumerable 
examples of the kind could be furnished. 

In geology. Still more striking is the importance of the 
microscope in mineralogy and geology. Here it aflbrds 
Tjs an entirely difierent and more accurate acquaint- 
ance with the peculiar nature of whole systems of 
rocks, of vast formations, or individual mineral sub- 
stances — an acquaintance such as these sciences could not 
hitherto give us. Formerly, in the mountain-chains 
which stretch along Western Asia, girdle the north of 
Germany tind France, and again appear in the Grecian 
Ardiipelago, we only saw a shelly mass of carbonate of 
lime, which, from its peculiar condition, we called chalk; 
in the tripoli, mountain-meal, etc., finely-divided silex ; 
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in dysodil, only a mixture of silex and bitumen ; and In 
most opal9 and flints, only denser, glass-like silex ; but 
Ehrenberg^s microscopic researches have laid open to us 
a wholly new world, full of life. We find the origin of 
no inconsiderable portion of the firm crust of our planet 
dependent, in the most remarkable manner, for its pecu< 
liar form, on the life of animals so small that they are 
invisible to the naked eye, which, by their almost mira« 
culous rapidity of mjiltiplication, make up through 
absolute number and the indestructibility of their re- 
mains, what they want in magnitude. 

Certain of the Infusoria consist wholly of a BOmitoBMi 
gelatinous animal substance ; but beside these ^ **■"* 
there are other kinds which, like snails and cockles, are 
inclosed in firm shells of the most elegant forms, which 
are composed either of carbonate of lime or silex. The 
dead animal itself soon decays, but the dwelling which 
it bad built itself, the shell, remains, and in circum- 
stances favorable to the life of the animals, these shells 
accumulate to such an extent, that whole systems of 
rocks are found almost solely consisting of them. The 
siliceous shells sometimes become blended together by a 
peculiar process, not yet explained, and so form flints 
and opals. The Botanist must not disdain a nearer ac- 
quaintance with these siliceous animalcules, for the 
question which has long been agitated, even with some 
bitterness, whether these little organisms are animals or 
plants, is not yet set at rest. In regard to magnitude, 
the formations originating from the calcareous Infusoria 
are still more important. A considerable portion of 
Russia, on the Wolga, of Poland, Pomerania, (e. g. 
Rugen), Mecklenburg, Denmark, Sweden, of the south 
of England, Northern Ireland, the north of France, 
Gieeoe, Sicily, of the north of Africa, and perhaps also 
5 
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Sahara, of the north-western and Arabian portion of 
Asia, consist of such calcareous soils and masses of 
chalk rock, the thickness of which may often be estima- 
ted, as in England, at a thousand feet. The imagina- 
tion halts in the attempt to realize these masses oi 
organic life, when we remember that a single chalk- 
enameled visiting card forms a zoological cabinet of, 
perhaps, a hundred thousand shells. 

Ehrenberg's As Qalilco, Kcplcr, Ncwtou, and Herschel, 
diBcoTeries. introduccd us into an infinite world of huge 
magnitudes, as Columbus, Magellan and their successors 
first unfolded to us one entire half of the earth, so in the 
present day, has Ehrenberg, by his untiring industry, 
laid open to us a wonderful world of organic life, which, 
small as are the individuals composing it, invisible to the 
keenest eye when unassisted, through the inconceivable 
activity of development, through the number, vast be- 
yond expression, of single beings, heaps up masses, 
before which man himself seems insignificant. 

The chalk Ou thc 26th of January, 1843, a great crowd 
diffsofDoTer. collectcd at the Kound Down Cliflf, near Do- 
ver, in anxious expectation, to witness the event of the 
grandest and most daring blasting ever attempted by the 
skillful combination of human ingenuity. The labor of 
years had been expended on the preparations, in the 
opening of shafts and galleries. The largest quantity of 
powder ever yet used, 185 cwts., was ignited at once by 
means of a gigantic galvanic battery. Almost in silence 
was the enormous cliff hurled into the sea ; in one 
minute were a million tons of chalk torn away, and a 
surface of almost fifteen acres covered twenty feet deep 
with its fragments. From this may be estimated the 
tremendous force which must have been exerted. And 
with what did the power of the human mind enter into 
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this giant straggle ? With the remains of creatures, a 
thousand of which might be annihilated by the pressure 
of a finger. We wonder and ask ourselyes: What does 
"small" mean, in Nature ? 

There can, however, be no possible doubt g,.- -*^v. 
that it indicates a most barbarous age, or a standrnM or 
very low state of refinement, when the value, *"!»''•«»• 
the importance of a thing is measured by great and 
small, a standard indeed which finds no application in 
all that we know most essential and valuable, for the 
human mind is not to be defined by foot, inch, or line. 
Physical magnitude imposes only on the sensuous na- 
ture ; cultivated man seeks to know the object of his 
contemplation perfectly in all its relations; and then 
only, &ojn the perfect knowledge, does he permit himself 
to judge as to the essential and inessential ; very fre- 
quently this leads him to declare that the most signifi- 
cant which has the smallest dimensions. 

This observation is especially applicable to j^^ ^^j^^ 
Botany. There was an era in this science, in "^p* ^ bo- 
which it began to work its way out of the **°^* 
mediaeval night of Nothing ; when, therefore, only its 
crudest elements existed ; this was the era of the Lin- 
nsean school. We wish not to detract from the merit of 
Linnaeus, since greater is the glory to discover, to shape 
out a science, than to build it upward after the founda- 
tions have been laid ; we wish not, as we have said, to 
disparage Linnaeus, when we describe him as the author 
of one of the saddest of prejudices, which has long kept 
Botany in the lowest condition, and even now is not so 
totally overthrown but that its evil operations are still, 
in many ways, obstacles in the onward path of science. 
We mean Linnaeus 's objection to the microscope, and his 
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contempt of all knowledge depending solely on its 
nse. The influence of the Linnaean school was so 
pernicious in this respect, that almost all that which 
had already been achieved by a few distinguished men, 
particularly by Malpighi, at the dose of the seventeenth 
century, became so completely lost to science in the 
eighteenth, that in the beginning of the present century, 
even the most excellent observers fell far short of the 
rank of Malpighi in all points. The following Essay, 
however, will, among others, bear testimony how a sci- 
entific treatment of Botany — a treatment which shall be 
more than an empty, fruitless, wilderness of names com- 
mitted to memory — can scarcely be thought of without 
an almost constant employment of the microscope. 
Hither has turned the whole new direction of science, 
and names like Robert Brown, Brisseau-Mirbel, Amid, 
and Mohl, mark the commencement of a new aiid 
richly-blessed epoch. 



THE INTERNAL STRUCTURE OF PLANTS. 



"Hm GtMit yoa haif no pow«r to toaoh. 
And so attempk the SmalL** 

VAUBT. 



CHAPTER 11. 



As we watch a deyer juggler, exhibiting inut^mueh 
the magic-like operations of his art, we be- p~d»««ii'*»^ 
come gradually quite lost in amazement, xmtil at last 
he elicits from us the expressions of admiration which 
are the usual accompaniments and reward of his success. 
But if we are then allowed to walk on to his stage, in the 
strictest sense of the phrase '' to look at his cards," how 
our amazement fades away when we become aware of 
the complicated preparations required, of the many aids 
which must be at hand, in a word, of the various and 
abundant means he must make use of, to bring about re- 
sults which yet after all have no relation to the means 
employed. And taking a wider field, when we look 
around us on all the circumstances of life, do not we 
soon find it to be a characteristic feature of the circum- 
scribed position of Man, that his boldest jeflbrts attain, 
at last, to little or nothing, that when he has availed 
himself of all the assistance talent, and favoring circum- 
stances can afibrd, he must in the end confess, that what 
he has obtained by all this toil and labor, is but a small 
recompense for the outlay } 

(63) 
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_ Nature offers a direct contrast to this. Ac- 

In nature 

muchftomut- customcd from our youth upward, to see her 
tie proceeds. ^Q^j^g outsprcad before us in eternally renew- 
ing riches, we commonly pass them coldly by. The 
contemplative mind is attracted by her, and begins 
to divine, with a kind of softened terror, the mysterious 
powers in action around us. With what wondrous 
means, we think, must not this great artist be provided 1 
What wondrous chains of powers, yet unknown, must 
there not yet lie hidden in her bosom! Science seeks 
the solution of this enigma, and in trembling assumes 
its task, fearful lest perhaps human intelligence be un- 
equal to comprehend and grasp a complexity so marvel- 
ously interwoven, and the farther we penetrate, the 
greater waxes our amazement. Every step brings us to 
a simple solution of an entangled question ; every com- 
pound phenomenon directs us back to simpler causes 
and forces, and our astonishment becomes at last con- 
verted into devout adoration, when we behold with 
what small means Nature attains the most stupendous 
results. By the simple relation, that bodies in motion 
have a mutual attraction. Nature arches over us the 
whole starry heavens and prescribes to the sun and its 
planets their undeviating courses. But we need not as- 
cend to the stars, to recognize how little Nature requires 
to the unfolding of wonders. 

Plants va- Let US tarry a moment with the vegetable 
riouflinfonn. -^orld. From the slender palm, waving its 
elegant crown in the refreshing breezes, high aloft over 
the hot vapors of the Brazilian forests, to the delicate 
moss, barely an inch in length, which clothes our damp 
grottos with its phosphorescent verdure, from the splen- 
did flower of Victoria Regina^ with its rosy leaves 
cradled in the silent floods of the lakes of Guiana, to the 
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inconspicaons yellow blossom of the duck-weed on our 
own ponds — ^what a wonderful play of fSashioning, what 
wealth of forms ! 

From the six thousand years old Bao- 
bab, on the shfres of Sen^al, the seeds of riou indium 
which perhaps vegetated before the foot of 
man trod the earth, to the fangus, to which the 
fertilizing warmth of a summer-night gave an existence 
which the morning closed — ^what differences of duration I 
From the firm wood of the New Holland oak, from which 
the wild Aboriginal carves his war-club, to the green 
slime upon our tombs, what multiformity, what grada- 
tions of texture, composition and consistence ! Can one 
really believe it possible to find order in this embarrass- 
ing wealth, regularity in this seemingly disordered dance 
of forms, a single type in these thousandfold varieties 
of habit ? Till within a few years of the present time, 
indeed, the possibility was not yet conceived, for as I 
have before remarked, we may never expect to be en- 
abled to spy into the mysteries of Nature, until we are 
guided by our researches to very simple relations. Thus 
could we never attain to scientific results respecting the 
plant, till we had found the simple element, the regular 
basis of all the various forms, and investigated and de- 
fined its vital peculiarities. By the help of the improved 
microscopes, we have at last advanced far enough to 
find the point of departure of the general theory of the 
plant. 

The basis of the structure of all the so very iiie veg©- 
dissimilar vegetables, is a little closed vesicle, **^^« ~"- 
composed of a membrane usually transparent and color- 
less as water ; this Botanists call the " cell " or, " vege- 
table-cell." A review of the life of the cell must neces- 
sarily precede the endeavor to comprehend the whole 
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plant, nay it is as yet, properly speaking, almost the 
only really scientific part of Botany. 

But in these investigations our organs of sense fail 
ns. The hnman eye, unassisted, can see nothing of 
all these mysteries, and therefore it mist be observed, 
that none of the following facts can be brought to light 
without the aid of the microscope. To meet the tempo- 
rary requirments of my readers, I have given pictured 
of the most important objects, obtained by means of a 
good microscope. 

structure of If we rcmovc the outer, compact mem- 
theoeiL brauc of the snow-berry, {SymphoricarpoM 
raoemosa^) a plant common enough in our gardens, we 
come to a mass of substance composed of small, slippery, 
shining white granules. Each of these is a separate 
perfect cell. (PL i, Fig. 1.) If we strip off the outer 
membrane of the leaf of the common pink, we find a 
velvety, green tissue, a portion of which may easily be 
scraped off. In water, this separates into little green 
points ; these, too, are perfect cells which only differ 
from the foregoing in containing a 'quantity of green 
granules in addition to the viscid yellowish substance 
and transparent fluid sap. (PI. i. Fig. 2.) These two 
kinds of cells, and ijx like manner all living, vegetating 
cells have this in common : their wall consists of a 
double layer, a firm cold-less one, the proper cell-mem- 
brane and a semi-fluid, viscid and rather yellowish sub- 
stance, which invests the whole internal surface of the 
cell-membrane, and thus constitutes one of the coats of 
the cell. The latter layer is connected most closely with 
the life of the cell. Not unfrequently, and then not 
necessarily separated from the cell-membrane, the yel- 
lowish viscid substance is found wholly or in. particular, 
denser, streak'-like p(»iions, in oontinnous flowing move- 
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ment, which is called the circulation of the cell-sap. 
The proper cell-wall is composed of cellulose, a substance 
formed of carbon, hydrogen and oxygen ; the semi-fluid 
investment, on the other hand, caUed by Hugo von 
Mohl the primordial utricle, contains also nitrogen. It 
can be made more evident by applying a drop of nitric 
acid to the cell, when, being of a very similar nature to 
albumen, it coagulates and contracts from the action of 
the add, so as to lie as a loose sac within the cell. (PL 
I, Fig. 3.) 

The origin of the cell is by no means yet quite clearly 
made out ; only this much is certain, that a peculiar 
little body appertaining to the primordial utricle and 
called thecell-nucleus, (PI. i, Fig. 1, a,) plays a very im- 
portant part in it. 

These cells in the course of their development become 
crowded closely together, and thus form the whole mass 
of the plant, the cellular tissue, which however may be 
divided into three principal classes of tissue, according 
to the diflerent forms of the cells, and more especially 
according to their importance to the life of the plant. 

But before we betake ourselves to the con- LUb of uw 
•ideration of these three tissues, we must **"• 
make a somewhat dose acquaintance with the meta- 
morphoses which the cell may pass through during its 
life. We may regaid the cell as a little independent 
organism, living for itself alone. It imbibes fluid nutri- 
ment from the surrounding parts, out of which, by che- 
mical processes which are constantly in action in the 
interior of the cell, it forms new substances which are 
partly applied to the nutrition and growth of its walls, 
partly laid up in store for future requirements, partly 
again expelled as useless, and to make room for the en- 
trance of new matters. In this constant play of absorption 
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and excretion, of chemical formation, transformation 
and decomposition of substances, especially consists the 
life of the cell, and — since the plant is nothing but a 
sum of many cells united into a definite shape — also the 
life of the whole plant. 

Forma of In the nutritiou and growth of the cell-wall, 
tiMoeu. i^Q conditions may be distinguished. The 

growth, namely, may be solely confined to the alteration 
and enlargement of the boundaries of the cell. Hence, 
very various forms gradually arise out of the originally 
roundish cells. In the next place when they become 
crowded closely together, they lose their roundly pro- 
truded shape, press each other flat, and then appear like 
very irregular honey-comb cells, or, in a delicate cross 
section, like many-sided meshes, (PL i. Fig. 13, a.) 
Other cells take a stellate figure in their expansion, and 
form elongated processes which sometimes convert them 
into elegant six-rayed stars, and as often give them very 
irregular and curious shapes. Others again become 
flattened by pressure on two opposite sides, and, finally, 
others become elongated and assume the appearance of 
cylinders, prisms, etc., or when still more stretched out, 
are found spindle-shaped, or in the form of long, thin 
filaments, (PI. i, Figs. 6, 7, 8, and 13, J.) 

Internal lay- Throughout all thcsc changcs of form, the 
ersoftheoeu. ^^11 of the ccll may retain its original thick- 
ness ; it always remains closed and perfectly entire. But 
a second change generally occurs, the thickening of the 
wall. The way in which this is produced, is by the de- 
position of a new layer upon the inside of the original 
cell-wall, between it and the primordial utricle. There 
are some peculiarities in this process ; the new layer is 
never a similar perfectly entire memlM*ane, but seems 
broken up in a great variety of different ways. Some- 
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times it is perforated all over with little chinks, (PI. i, 
Fig. 6 ; PI. n, Fig. 8, J,) at others with longer slits, (PI. 
I, Fig. 4,) now it appears like a net-work, now it is com- 
pletely cut up into a spirally-wound band, (PI. i. Fig 5,) 
and in another case it exhibits itself only in the form of 
separate rings, (PI. i, Fig. 7.) These are named, ac- 
cording to these appearances of the thickening layers of 
the cell, porous or streaked cells, reticulated, spiral, or 
annular fibrous cells. When one thickening layer has 
been formed in this manner, a second and third fre- 
quently follow, and often so on until almost the whole 
cavity of the cell is filled up. It will easily be conceived 
how fix)m these changes, in conjunction with the varia- 
tions of form mentioned just before, even from so simple 
an element as the cell may proceed an almost countless 
number of differences in the tissue, and in plants we 
actually find such. Added to this, foreign matters, such 
as lime, silex, etc., are frequently deposited in the cell- 
wall and its thickening layers, whence originate numer- 
ous modifications of softness and hardness, tenacity, and 
brittleness. 

We have yet one more important peculiarity propagation 
of the vegetable cell to discuss before we can ®' ~^ 
go further. K the nutrient matter, within the cell, in- 
creases in quantity beyond a certain measure, new cells 
are formed from it within the first, called secondary or 
daughter-cells ; they propagate, and in the usual course 
the mother-cell then gradually dissolves and disappears, 
while the two, four, eight, or more young cells produced 
by it, occupy its place. The whdle process, which we 
call growth, in plants, consists in its essential elements 
of a continuous propagation of cells of this kind, whence 
the number of ceUs becomes'multipled beyond calculation, 
nay, almost beyond credibility. From an approximative 
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calculation, for example, in a rapidly-growing fungal, 
the Bovista gigantea^ 20,000 new cells are formed 
every minute. 

Elegant as the above-described forms of the cells may 
be when seen beneath the microscope, interesting as may 
be to the Botanist the search for the laws on which de- 
pend the formation of these innumerable varieties, they 
are at present of no importance to us, since the life of the 
whole plant is the question before us, and here, passing 
by all those distinctions, we must endeavor to establish 
other, quite different divisions of the tissues of plants, 
which, as we shall see, in some cases have no agreement, 
and in others but a very moderate one, with the definite 
forms of the cells. 

The epwer- Evcry plant in its course of formation, and 
°^- every undeveloped part of a plant, consists 

exclusively of small, delicate, roundish cells. Differ- 
ently as the individual cells of this tissue may be modi- 
fied afterward, there are yet only two portions which in 
their subsequent development and their importance to 
the life of the whole plant, distinguish themselves essen- 
tially from thatftindamental mass, which forms the chief 
tissue of the plant in the subsequent full-grown condi- 
tion. One is the whole external layer of the plant, 
which developes in contact with water or earth, but 
which is more especially exposed to the air. The cells of 
this layer are so firmly united together, that it may 
generally be stripped off the plant as a continuous mem- 
brane. It becomes clothed, sooner or later, with a layer 
of varying thickness, of a homogeneous substance, which 
receives beside, a thin coating of wax or resin ; thus the 
enveloping membrane becomes impenetrable by fluids, 
and even repels them, since* water runs off it as fi:om a 
greasy substance. 
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In certain places, however, little orifices nMttoaaiM. 
are left between the cells, leading into the interior of the 
plant. In these (nifices usually lie two crescent-shaped 
cells, having their concave sides applied together, so as 
to leave a slit open between them, but otherwise closing 
np the orifice. These slits, through which the plant 
communicates with the atmosphere, and expires gases 
and watery vapor, are opened wider, or contracted as 
may be required. The orifices with the crescentic cells 
are called stomates, and the whole layer in which they 
occur is the epidermis of the plant, (PI. i. Fig. 12.) 

In every actively vegetating part of a plant Growth en- 
exists a continuous influx of new nutrient dotenouiMid 
matter, which is absorbed by the roots while •*°^*^'* 
its superfluous water is evaporated through the sto- 
mates. This movement of the sap transforms the tracts 
of cells through which it passes, moving with espe- 
cial activity in the elongated cells. Most of them be- 
come very much thickened, some also lose all at once 
their fluid contents, and receive air instead ; such are 
called vessels (air-vessels), and thus are formed, in the 
mass of cellular tissue, bundles of elongated cells and 
vessels, called vascular bundles, (PI. i, Fig. 13, J,) which 
to the naked eye look like dense fibers running through 
the tissue of the plant. In one great division of plants 
the Monocotj^ledons, to which the Grasses, Lilies, 
Palms, etc., belong, the development of these vascular 
bundles stops short at a certain stage, and they undergo 
no further alteration. In another class, on the contrary, 
in the Dicotyledons, to which belong our forest-trees, 
kitchen vegetables and many others, there is a contin- 
uous development of cells on the outer side of each vas- 
cular bundle, which become in turn vascular bundle 
cells, and so unceasingly increase the thickness of the 
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bundles. Id consequence of this, the bundles gradually 
close up together into a firm tissue, into that which in 
common lite we call wood, (PI. n. Figs. 8, 9, 10.) 

Bark, wood, Whcu wc Bcck to discovcr the relation in 
and pith. which thcsc three parts of the plant stand to 
the wants of Man, here again we find a threefold distinc- 
tion. In its common condition, the epidermis is useless, 
but in perennial plants, particularly in trees, bark becomes 
developed from it, which in some trees (for example, in 
the Cork-oak, Quercus suher) is very soft and elastic, 
and, as cork^ is applied to a number of purposes. The 
vascular bundles are important on account of the sub- 
stance of their cell-walls constituting wood and woody- 
fiber or bass. The remaining tissue, the cellular, is 
chiefly useful on account of the contents of the cells. 

Of the wood Of all the forms of cells, the wood and bass- 
and baa8<5eUfl. qq^q ^rc Undoubtedly the most important in 
the domestic economy of mankind. The different kinds 
of wood may be easily distinguished by the microscope, 
even in the most minute fragments ; the distinction of the 
most consequence, is that between the peculiar wood of 
the Fir and Pine tribe and that of all other trees, and this 
is perceptible even in petrified wood, (PI. n. Figs. 8, 9, 
10.) The " bass-cells " are the longest of all ; their 
walls are generally very thick and mostly much bent, 
(PI. I, Fig. 8,) but very rarely marked with pores or 
spiral fibers ; only in the silk-plant, {Aselepias Sy- 
riaca^ the Oleander and allied plants is a spiral stria- 
tion of the walls observed. No other bass-cells are 
easily distinguishable by the microscope, however differ- 
ent may be the plants from which they have been taken. 

_ , ^ The bass-cells, however, on account of their 

Parts used ' ' 

for cloths and length and curvature, supply almost the sole 
cordage. material of our woven fabrics and cordage. 
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As I have already observed, plants of the most different 
kinds are used for these purposes. Among us, flax and 
hemp are the staple ; in the Philippine Isles, the bass 
from the leaves of a species of Plantain ; in Mexico the 
leaves of some wild species of Pine-apple fiimish a simi- 
lar substance. The Kew Zealand flax has recently be- 
come of some importance for naval purposes ; this is 
obtained from the leaves of a Liliaceous vegetable. Pe- 
culiar fabrics are prepared in the West India Islands, 
without spinning or weaving, from the bass of the Lace 
tree, {Palo di laghetto of the Spaniards,) and in Tahiti 
from the Paper-mulberry. 

An endless variety of plants are used for cordage, 
for almost every country applies its own plants to 
this purpose. By the kindness of a friend in Berlin, 
I once obtained a little piece of string, which had been 
tied around a wine-vase in Pompeii, and I found to my 
astODishment, that it had been prepared from the easily 
recognizable bass-cells of the Silk plant, {Asclepiaa Sy- 
riaoa^) which so far as we know, are now nowhere 
applied to this use. 

Cotton, which forms a hairy down around ^ ^ 

the seeds of the cotton-plant, is very different cotton, flax, 
from these bass-fibers. It is, indeed, also ^«»^»«"^ 
composed of long cells, but these have very thin walls, 
whence, when dried, they collapse into a flat band with 
rather rounded borders, while the bass-flbers form a per- 
fectly smooth, thick cylindrical filament, (PI. i, Fg. 9.) 
By this distinction, which is decided enough, we are en- 
abled by the microscope, to perceive in a moment the 
mixture of cotton with linen ; and by this means, even 
the origin of the fabrics in which the Egyptian mum- 
mies are rolled, has been distinctly shown. We may 
h^e remark, by the way, that the fiber of wool, (PI. i, 
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Fig. 11,) and the fine filament of the silk-worm, (M. i, 
Fig. 10,) exhibit equally striking characteristics, as a 
glance at the engraving at once shows, and the micro- 
scope is perhaps really the only perfectly certain means 
by which every mixture of these various filaments, in 
textile fabrics, may be immediately detected. 

contantfl of Wc havc now sccn how the simple cell, 
the eeiis. ju j^ various forms, is the basis of every 
plant, in all the multiformity of their appearances ; but 
what makes the matter infinitely more curious, is, that 
these cells, which have all been formed in the same way, 
and even when their subsequent shape remains exactly 
the same, have the power of producing the most varied 
substances in their interior, and thus become a means, 
in the hand of Nature, of multiplying to infinity the 
riches and beauty of the vegetable world. 

This leads us to the peculiar vital processes of the 
vegetable cell. Every separate cell has, as it were, its 
own especial life. ItG walls, indeed, are not perforated, 
but, nevertheless, the fluid which it requires for its nu- 
trition makes its way in. This is composed of water, 
carbonic acid, salts of ammonia and other soluble salts of 
the soil. The few substances absorbed by the cell, be- 
come changed by its peculiar power, and from them are 
formed all the various materials which give the plant 
value, either in the eyes of the aesthetic observer, or in 
the household of the economist. 

coioringmao ^ g^cat many cells contain merely color- 
teriutheceiig. j^gg gap^ this is thc casc with the wood and 
bass-cells ; many merely air, as for instance, the so- 
called vessels. But others display the most splendid 
tints in their juices, some giving flowers and fruits the 
charm of their lovely enameling of color, while others 
cause various parts of plants, otherwise green, to assume 



STBUOTUBB 0F FLAVTS. 6S 

a chequered, motded aspect, (PI. n, Fig. 7.) Here we 
find every shade of red, bine and yellow. The green 
coloring of plants depends, on the other hand, on wholly 
different causes, for the sap of plants is never green. 
When we examine, with a microscope, cells which to 
the naked eye seem green, we see that the green appear- 
ance is produced by separate granules of a green sub- 
stance, (chlorophylle, or leaf-green,) which adhere to the 
inside of the wall of the cell, (PI. i. Fig. 2, 13, o.) The 
splendid color, indigo, is nothing but a peculiar modifi- 
cation of this green coloring matter, which is produced, 
in especial abundance, in the various kinds of indigo, 
{Indtgcfera tinctoria and anU^) in woad, {Isatis 
tinctoria) and the dyer's knot-grass {Polyganwn 
tinctorium.) 

In some cells we find exceedingly elegant CfTitai* in 
crystalline formations, consisting either of **»•«"* 
single crystals or bundles of needle-shaped ones, or of a 
number of them collected into a little crystalline nucleus^ 
(PL n. Fig. 1.) 

The contents of the vegetable cells, how- Nutrfth* 
ever, which are most interesting to mankind, Mdmedkiniri 
are those which furnish him with necessary ^^ 
food, agreeable refireshment, or stimulating spices, and 
not less important are those substances which, adminis- 
tered to the diseased organism, bring back the uninjured 
capability of enjoying anew the rich gifts of creative 
Nature. This field of observation is one of extraordi- 
nary extent, and not yet nearly sufficiently explored ; 
nevertheless, the researches which have already been 
followed out, have led to an interesting law, namely, that 
those plants whkh are nearly allied in their external 
jhrm, also contain similar or dotely connected sub> 
6 
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stances in their corresponding organs. Thus there are 
whole families in which all the plants are more or le«i 
poisonous, as the Nightshade plants, the allies of our 
potato and tobacco ; while others are insipid, and taste- 
less, and therefore devoid of any peculiar substance, 
such as the allies of our garden pink. It would lead us 
too far, to attempt to enumerate here all the different 
matters, and where they occur in the vegetable world ; 
we must content ourselves, therefore, with a few general 
observations, and a more minute examination of some 
of the most interesting substances. 

Sugar, The substances which we find in the cells 
adds, etc. Qf plants, may be divided into those soluble in 
water, and the insoluble. Regarding the former, we can 
arrive at no conclusions by the microscope, since they 
disappear in the watery cell-sap; chemistry alone can 
then demonstrate their presence. To this class belong, 
among others, albumen, gum, sugar, and the agreeable 
acids of our fruits, such as the malic and citric acids. 
The sap of the Sugar-cane is perfectly clear and trans- 
parent in the cells, the dissolved sugar only appears 
after the expression and evaporation of the fluid. 

oiia. The fluid oils, on the contrary, are very 

readily distinguished beneath the microscope, both the 
fet oils, which swim in the cell-sap in the form of little 
shining yellow globules, as in the kernel of the almond, 
and the aromatic (etherial) oils which usually occur alone 
and fill a whole cell in one large drop. 

Gluten— Two of the most important constituents in 
ooane bread, j^q vegetable ccU, howevcr, are the semi-fluid, 
half-granular mucus, composed of a nitrogenous sub- 
stance, which either wholly fills the cells or occurs with 
oil or starch, and this latter substance itself. Obtain 
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nitrogenous constituents form the peculiar nutrient mat- 
ter in plants. One portion, albumen, occurs dissolved 
in the cell-sap ; another and more important, in small 
mucous granules. If we make a cross-section of a grain 
of wheat or rye, and place it under the microscopy, we 
perceive very distinct layers in it as we examine from 
without inward. The outer of them belong to the husk 
of the fruit and seed, (PI. n. Fig. 2, a,) and are separ- 
ated as bran in grinding. But the millstone does not 
separate so exactly as the eye may by means of the mi- 
croscope, not even so accurately as the knife of the 
vegetable anatomist, and thus with the hrsLH is separated 
also the whole outer layer of the cells of the nucleus, and 
even some of the subjacent layers. A glance at the Fig. 
2, in PL n, shows, however, at once, that the contents 
of the outer cells of the nucleus are very different from 
those of the inner : for while the latter inclose a great 
quantity of starch and very little nitrogenous matter, in 
tiie outer layer of cells we find only the latter substance, 
which, in the cereal grains, usually receives the name of 
gluten; thus the anatomical investigation of one of 
these com grains at once explains, why bread is so much 
the less nutritious, the more carefiiUy the bran has been 
separated from the meal. 

But starch is, after all, the most remarkable starch, 
substance that we meet with in the cells, not merely be- 
cause it plays so important a part in the nutrition of 
mankind, but also, setting that out of the question, on 
account of the peculiar and elegant forms which it exhi- 
bits under the microscope, and which indicate a^ high 
degree of internal organization. 

It occurs in every plant, in every part, but only the 
TOOts, tubers, seeds, fruits, and, more rarely (as in the 
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Sago palm), the pith contain it in sufficient quantity to 
serve as food, or to repay the trouble of separating the 
starch from them. 

TMt fiyr We have to thank an exceedingly cnrions 
■*»'^* peculiarity of starch for our power to recog- 

nize it in any spot and in the smallest quantity in the 
interior of plants. This is the sudden assumption of a 
beautiful violet-blue color when it is moistened with a 
solution of iodine. 

stueh Starch itself consists of little shining trans* 
«~*°"- parent granules, from twenty to ihirty of 

which often lie in one cell, (PL n, Fig. 2, o.) The sepa- 
rate granules sometimes exhibit a very compound struc^ 
ture. They consist of a small nucleus around which 
a varying number of layers have been deposited. As 
these layers are usually thicker on one side than on the 
other, the nucleus hardly ever appears in the middle, (PI. 
n. Fig. 3.) Tliis structure is not in all cases so readily 
perceptible as in the egg-shaped granules of the potato, 
or of the genuine West India arrow-root, (PI. n. Fig. 6,) 
(for this is nothing but a very pure starch,) or as in the 
flat, disc-shaped granules of the East India arrow-root, 
(PI. n. Fig. 6.) In other plants it exhibits another pecu- 
liarity, two, three, four, or more starch-granules being, 
as it were, gi^own together. This is seen very beautiftdly 
in the corms of the meadow-saffi'on, {Colohicum autum,' 
nale^) and similar forms occur much more often than the 
true form, in the adulterated West India arrow-root of 
the shops, (PI. n. Fig. 6.) 

conciuaioii. I havc thus delineated, in a hasty, superficial 
sketch, the interior of the plant. How simple are the 
structure and relations, and yet how infinite the results, 
which Nature obtaina by these simple means I The few 
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allnsions which I have allowed myself to make, to the 
influence of plants on the well-being of mankind, nay 
even on their very existence, must suffice. A complete 
exposition of this subject would lead us too fer. 
Worthily indeed, are the richness and beauty of the 
vegetable world, the ,ever inexhaustible theme of all 
poets, of all times and nations, — ^but here I draw back, 
since the dry earnestness of science reaches not into 
those bright regions. 
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ON THE PROPAGATION OF PLANTS. 



''Jn air, in water and on aarth 
A thonaand garma ooma straggling Ibrttiy 
In drought and damp, in beat or oold." 

VAVIT. 



CHAPTER III. 

Deep in the soul of man abides the feeling, 
Tbamiaaion that in his better nature he belongs not to this 
material world which environs him, — that a 
world of independent living spirits is his proper home ; 
and readily does he soar in inspired anticipation to those 
regions, which seem to him his truer sphere. Betnrn- 
ing from such a flight, for which the feeling of his origin 
lent him wings — ^when, after such exaltation, he is again 
transplanted into the dead world of matter, he tears 
himself unwillingly from the fair pictures, and readily, 
especially in the youth, both of individuals and of the 
whole race, invests surrounding Nature with the free 
spiritual life, so congenial to himself. Youthful fancy 
lends to the rock, the tree, the flower, an animating ge- 
nius, and in the thunder hears the voice of God. Then 
comes earnest science stripping Nature of that inspiring 
charm, and substituting the unvarying law of blind ne- 
cessity. The real aim of man is to place his spirit in its 
true sphere, independent and irrespective of external 
Nature, and in the full understanding of this Nature, 

(70) 
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with pious hope to exalt over all, the Highest Being; 
hot in the transition to this elevated condition, the 
warmer feelings are severely tried, and it is indeed with 
bitter sorrow, that mfm tears himself from the living 
shapes with which he had peopled his world. 

This disunion, this separation, whioh has not yet 
resolved itself into the higher reconciliation, has rarely 
been so beautifully expressed as by Schiller, in his 
" Qoda of Greece." 

My mission too it is, according to my pow- tim miiM 
ers, to labor at this unspiritualizing of Nature, ■*»*^ 
and I took occasion in the preceding Chapter, to point oat 
how the forms of the world of plants, impressing them- 
selves so vividly on the sensuous nature, have their 
mysterious and silent weavings and workings transform- 
ed before the eye of the instructed naturalist, into chemi- 
co-physiological processes, which take place on and in 
an invisible utricle, the vegetable cell. The whole plant, 
however, is not one cell, but merely a compound of them, 
composed, indeed, according to so definite a rule, that 
for thousands of years, on all parts of the earth, the 
same firmly fixed forms recur. It is naturally asked, is 
then this assembling and combination of cells into entire 
plants, subject to definite natural laws } Before we can 
arrive at the answer to this question, we must look closer 
into the manner in which certain forms of plants are 
preserved in Nature ; in a word, into the Propagation 
of Plants. 

I must be allowed to approach this question Review or 
by a somewhat indirect course. A review of diurn«iii&. 
the mass of animal life existing on the earth, will most 
conveniently lead us to it. Whithersoever man is guid- 
ed by his wants, his self-interest or the more noble spirit 
of in^piiry, animal life accompanies him. On the ocean, 
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the active hosts of Nereus play around him, the pilot- 
iish glides before his ship, and the voracious shark fol« 
lows, waiting for his prey. On land, the manifold forms 
of the animal world are everywhere in friendly or hostile 
motion around him. In the icy !N^orth, the faithful dog 
and the useful reindeer are his companions, the seal his 
captive yielding clothing, food and light, and the polur 
bear meets him in fierce strife. Beneath the vertical 
rays of the glowing sun, the sharp tooth of the great 
cat threatens him, the slender gazelle sports around him^ 
*' the ruminant with cloven hoof," Ibmishes him with 
food and clothing. The butterfly fluttered round Hum- 
boldt and his companions on the chilling snow plains of 
Chimborazo, and yet the giant condor floated at an in- 
calculable height over them. Even in the firm coat of the 
earth, on which we tread, the worm burrows his dark track. 

Animaisfeed And all this mass of life not excepting 
onpianta. man himsclf, is sustained at the sole expense 
of the organic matter which the vegetable world pre- 
pares for it. No single living creature which is reckon- 
ed among animals, can live on inorganic matter. The 
few examples which have been made known to us, the 
earth-eating Otomacs, the negroes who swallow pel- 
lets of clay, mentioned by Humboldt, the instances of 
men pressed by want, eating the so-called mountain- 
meal, or as Ehrenberg as recently pointed out among the 
Finns, consuming the shells of fossil Infusoria, when ac- 
curately investigated by physiologists, have shown mere- 
ly that these inorganic substances are to be regarded, 
not as food, but as means of deadening the irritability of 
the stomach. 

FoMii mam. Butlct US ffo back to au earlier epoch of our 

moths and in- i % -t 

fvuoria. earth's duration; there appear masses of 
living beings, formerly peopling our globe, of which 
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we can hardly form a conception, and which, be it 
observed, were almost all animals living upon vegetable 
food. The vast herds of Mammoths which traversed 
the plains of Siberia, the countless remains of gigan- 
tic oxen, sheep, stogs, swine and tapirs, give ns evidence 
of the enormous consumption of vegetable substances in 
former ages. And yet, all that we can make out as to 
the number of the great animals of the past world, dwin- 
dles into nothing before the masses of diminutive crea- 
tures which have been preserved to us. The whole of 
those elevated ridges, partly still subsisting, partly de- 
stroyed by later floods, for instance, from Eugen to the 
Danish islands, the white chalk rocks, which gave Eng- 
land the name of Albion and stretch through France to 
the south of Spain, the whole of the chalk mountains 
of Greece to which, among others, Crete owes its name, 
consist, according to Ehrenberg's researches, of the 
shells of minute animals, partly destroyed partly well 
preserved. When we turn to these, the smallest crea- 
tures which Nature exhibits, existences which make up 
by the number of individuals what the individuals want 
in size, animalcules which are mostly so small as to be 
invisible to the naked eye, yet fulfill an important purT 
pose in the universal life of Nature, the imagination is 
wholly unable to express the quantity in abstract num- 
bers. Ehrenberg's discovery of fossil Infusoria has 
deservedly attracted great attention, for every picture 
here fails to enable us to grasp the conception of such 
numbers. In one cubic inch of the tripoli (polir- 
schiefer) of Bilin, there are forty-one thousand millions 
of animals, and the whole deposit extends over from 
thirty to forty square miles, with a varying thickness 
of from two to fifteen feet. 
7 
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TheherbiTo- Making a more special examination of the 
n more thui animal world in general, we find two great 
the camiTora. ^ivisions determined by the nature of their 
food, whether vegetable or animal. The latter contains 
by far the smallest number of species, and the particular 
species appear in small numbers. The vegetable feeders, 
on the contrary, are innumerable ; if we may adopt the 
excessive estimates .of recent works, we shall assume 
660,000 species of insects alone, the greater number of 
which feed on plants, to live and multiply upon the earth. 
And this is not all, the species of vegetable feeders 
almost always exceed the animal feeders in individual 
number. All great herbivora live a social life, forming 
great herds, and the swarms of insects especially set all 
control 'at defiance, replacing, by number and enormous 
voracity, what they want in bodily magnitude: the oak 
alone has to support seventy different insects. 

piantB must For all these hungry guests. Nature spreads 
be perpetuated, ^y^q table whcu shc brings forth plants, and if 
she would not let one of her worlds, the animal, become 
extinct, she must provide so surely for the multiplica- 
tion of plants, that spite of all injurious and destructive 
influences, a general famine shall be impossible. 

The seed and That this may not be effected by a simple, 
egg compared, well-defined form of multiplication, as in the 
higher animals, is in itself evident, and becomes still 
more so when we observe, that mankind and most ani- 
mals draw upon those parts of the plants for their nour- 
ishment, which we usually consider to be the peculiar 
organs of reproduction: I mean the seeds. 

The first observation which affords itself to the search- 
ing glance of man, is, that most plants form certain 
organs, out of which, under suitable circumstances, a 
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new plant is produced ; and this may indeed be seen in 
the larger kinds, already shaped ont and inclosed by its 
proper envelopes, in the seed. The comparison of this 
with an egg is very dose, with an egg in which the germ is 
already laatured into a young animal, — ^the embryo. 
But we do not stop here. At a very early period it was 
noticed that in many species of plants, two different 
forms of individuals appear, only one of which oiguuof x». 
bears seed, as in the hemp, {Cannahissativa^ production, 
the Date palm, {PJienix dactylifera^ or the Pistachio, 
(Pistacia lentis&us.) It was also early observed that 
the seeds of the one plant are never perfected, unless 
a specimen of the other form grows and flowers simul- 
taneously in its vicinity. Theophrastus and Pliny even, 
tell us that the country-people who were engaged in the 
culture of Dates, hung up flowering branches of the one 
tree among the flowers of the other, the seed, bearing 
-form, and thus caused development of the seed and 
fruit. Eampfer relates that in an inroad of the 
Turks into Bassora, the inhabitants accomplished ex- 
pulsion of the enemy, solely by hastily cutting down 
all the palms of the one kind, so that the others re- 
mained sterile, whereby the enemy was deprived of his 
only source of food. Still more striking appear the pro- 
ceedings observed, by Micheli, in an Italian water plant, 
(Vallisneria spiralis.) This plant has two different 
kinds of flowers ; those in which the seeds are developed 
have long stalks, and elevate themselves to the surface of 
the water ; the others are shortly -stalked, and therefore 
fixed at the bottom. At a particular period, the latter 
break away from their stems, come to the surface and 
swim to the others, which then become capable of per- 
fiacting their seeds. 
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The Mxna] ^^ fanciful Qjccoxmt^ which however, is 
tbaorjitfutod. uq^ supported by any accurate scientifie ob- 
servation, led the way to the making of husband and 
wife of these two flowers, to investing the natural phe- 
nomena xn question with the mysteries of the love with 
which the human heart is blessed. Scarcely was the 
idea broached when science seized upon it, extended it, 
in all its particulars, to all plants, and even at the present 
time we call the Linnsean arrangement of plants, the 
sexual system. 

Unfortunately, these beautiftil dreams, which poets 
especially have so often tenderly dwelt upon, were at- 
tacked by the new discoveries of science, which uses only 
its senses, and showed us that all these visionary com- 
parisons with the totally differently organized animals, 
are devoid of the smallest foundation. It was my lot, 
in the share I have taken in the advancement of Botany, 
to bring this result to light. 

In order to sketch briefly the actual pro- 
originateefrom ccsscs of the multiplication of vcgctablcs I 
•""* must recall to recollection some points stated 

in a former Chapter. I observed there, that among its 
other characters, the individual vegetable-cell is endowed 
with the power of forming new cells in its interior, and 
thus, as it were, of propagating itself. Now the newly- 
formed cells have also this peculiarity, they grow and ar- 
range themselves conformably to the cell in which they 
originate. Thus is the power given to all plants, to de- 
velop new plants out of any of their cells, when these 
come to be placed in favorable circumstances, and by 
this power is explained the fe»cility with which almost 
all plants may be multiplied. 

We can, however, distinguish several very different 
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states, according to the difference of the conditions under 
which Natore reDders possible the development of the 
single cell into a new plant. 

1. In the cells of the plant in general, as I sor&os bod* 
have expressed the law, it very seldom occurs ^^^^^ 
becatise it is only in rare cases that the necessary con- 
jxmction o{ all th^ &voring conditions is brought about. 
Nevertheless, there are actually some such striking in- 
stances of the kind, where leaves of a plant, lying on the 
ground, and even in a herbarium, have suddenly become 
covered with buds, that is to say, the foundations of new 
plants, so that we cannot doubt the validity of the law. 

2. Instances of a somewhat more limited application of 
the law, on the other hand occur, with exceed- Buda ftom 
ing frequency, for whole definite parts of leaves *^* **«~- 
can be made to bring forth young plants. K for ex- 
ample, a leaf of JBryophyllum calycinum is placed upon 
moist earth, young plants are developed from all the in- 
dentations of the leaf, and these can only derive their 
existence from the extraordinary development of certain, 
appointed cells, (PI. in, Fig. 5.) The same phenome- 
non occurs on broken surfaces of detached leaves of the 
beautiful scarlet-flowered Echeverias, and in many other 
succulent plants, as also in the Orange-tree. Gardeners 
take advantage of this phenomenon to multiply these 
plants, and even in the Middle Ages an Italian, Miran- 
dola, traveled about, boasting of a secret art by which he 
could make trees out of leaves. If a notch is made in one 
of the thick veins of the splendid Gesneria, a new young 
plant is produced on the broken surface in about a week. 

3. In other plants, we find little protuber- Buds from 
ances formed regularly and spontaneously the point*, etc 
upon the leaves, still attached to the stem, and at the 
points of these, buds which sond off rootless below, thus 
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constitnting new plfmts. TbiB peculuurity is especially 
common in many Ferns and Aroidees, the allies of the 
Calla (Bthiopica^ or Trumpet-lily, as it is called. The 
situation where these protuberances and buds are pro- 
duced, is not indeed perfectly definite here, but it is so 
far regular that certain parts of the leaf, namely, the 
angles where veins separate, exclusiyely possess the 
power of forming them. When such a leaf dies in tiie 
natural course of vegetation, these buds, alone retaining 
yitality, fall to the earth and grow up into perfect plants. 
Here, therefore, exists an actual natural propagation, or 
reproduction of the individual ; whereas, before, it de- 
pended principally upon external influences. 

Buiu ftom 4. The following condition depends much 
the aziu. morc upou definite circumstances. Properly 
speaking, the simple plant consists merely of a simple 
stem and its leaves ; but in the angles of the leaves, 
particular cells are regularly developed into buds, (PI. 
ni, Fig. 3.) Now a bud is essentially nothing more 
than a repetition of the plant on which it is formed. 
This foundation of a new plant consists equally of a 
stem and leaves, and the sole distinction is, that the stem 
becomes intimately blended at its base with the mother 
plant, in its growth, and* has no fi-ee radical extremity, 
like that exhibited by the plant developed fi'om a seed. 
However, this distinction is not so great as it appears at 
the first glance. Every plant of high organization pos- 
sesses the power of shooting out adventitious roots from 
its stem, under the favoring influence of moisture ; and 
very frequently even plants that have been raised from 
seed are forced to content themselves with such adventi- 
tious roots, since it is the nature of many plants, for 
instance, the Grasses, never to develop their proper root, 
although the germ is actually present. 
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"We are, it is true, accustomed to look upon ' ^^^ ^ 
the natter as though the buds must always be distinct indi- 
developed to twigs and branches, on and in ^""^ 
connection with the plant itself, and thus in common life 
we regard them as parts of a plant and not as independ- 
ent individuals, which they are in fact, although they, 
like children which remain in their paternal home, re- 
main in the closest connection with the plant on which 
they were produced. That they are at least capable of 
becoming independent plants, is shown by an experiment 
frequently successful, when the necessary care is taken, 
namely the breaking oflF and sowing of the buds of our 
forest-trees. The well-known garden operations of 
grafting and -budding are other examples of this, and 
layering only differs from the sowing of the buds, in that 
the buds on the layers are allowed to" acquire a certain 
degree of maturity before they are separated from the 
parent plant. All here depends upon the facility with 
which these bud-plants root as it is called, that is, de- 
velop adventitious roots, when they are brought in con- 
tact with moist earth. 

Human art is not by any means the only piant* mui- 
influence by which the multiplication of plants ^*P^y by buda. 
in this mode is brought about, f<Mr Nature herself very 
often makes use of this method to multiply certain plants 
in incalculable numbers. In a few cases, the process re- 
sembles the artificial sowing of buds, as when the plant 
spontaneously throws off the perfect buds at a certain 
period ; an instance of this is afforded by some of our 
garden Lilies, which throw off the little bulb-like buds 
which appear in the axils of the upper leaves. The more 
common mode of proceeding is as follows: those buds 
which have been formed near the surface of the soil, 
grow up into shoots provided with leaves ; but the shoots 
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are long, slender, and delicate, the leaves, too, stunted 
into little scales ; in their axils, however, strong buds, 
are developed, which either in the same or following 
year take root, and the slender shoot connecting them 
with the parent plant dying and decaying, they become 
free independent plants. In this manner the Strawberry 
(PI. in. Fig. 4,) soon covers a neglected garden ; in this 
manner is the Potato almost exclusively propagated, for 
this useftd tuber is nothing but a large subterranean 
fleshy bud ; in a similar way, too, the Duck-weed, which 
seldom flowers and bears seed, in a very short time 
covers our ditches and ponds, in the spring, with thou- 
sands of individuals. Many more examples might be 
adduced, but theso. familiar ones will su£Sce. This pro- 
pagation by buds stands in a remarkable relation to the 
multiplication by seeds we shall presently speak of^ since 
it may be laid down as a pretty general rule, that the 
less seed a plant ripens, the more it becomes multiplied 
by buds, and vice versa; Nature has here, as it were, 
taken care that the plants shall be preserved under any 
circumstances. 

Regular re- 5. All the modcs of rcproductiou hitherto 
production, noticed may be placed together under the head 
of irregular propagation, and be opposed to the regu- 
lar propagation, which exhibits essentially the follow- 
ing phenomena: — ^Every plant produces within itsdf 
a deflnite number of single, free, unconnected cells, 
which at a certain epoch spontaneously separate 
from the plant. It is the peculiar character of those 
plants which have true leaves, to produce these cells 
only in the interior of the leaves, which at the same time 
often assume a very different form, as for instance in the 
stamens. Another condition is also worthy of remark. 
Only in the very lowest plants, flowering wholly under 



OF PLANTS. 81 

water, is the propagative cell naked, (PL m, Fig. 1;) in 
all others, it is invested with a peculiar substance, which 
has not yet been chemically examined, but is mostly 
yellow and very indestructible. This substance fre- 
quently assumes very strange forms. Sometimes it re- 
sembles little warts or spines, and often little projecting 
ridges are formed, taking the shape of arcades, battle- 
ments with turrets, etc. Mature, however, has not yet 
given us the slightest clue to the possible purpose of 
these^varied forms. Elegant as they are, they appear to 
be of no actual use. Fritsche, of St. Petersburg, in a 
work especially devoted to them, has given representa- 
tions of the most exquisite forms. Now these cells are 
especially destined to the reproductive function, since 
from every one of them is a new plant developed. An 
essential distinction, however, occurs in this develop- 
ment ; one, indeed, recognized at an early period, and so 
exclusively regarded, that the higher agreement was 
altogether overlooked. The following are the two modes 
of development. 

A. In the one case, the cells destined to i>eyeiopm6nt 
the reproduction, are at once scattered on the of thecrypio- 
earth or in the water, where the new plants ^^^ 
are to grow. Then either the whole cell is gradually 
transformed into a new plant, new cells originating in it 
and taking its place, in these others and so on, which is 
the case in the Algae, (PL in. Fig. 1), Fungi, Lichens, 
and part of the Liver-mosses ; or the cell expands into a 
longish 'utricle or tube, but only one extremity of this 
tube becomes filled with cells, which gradually grow up 
into a new plant, the remaining portion of the cell, 
meanwhile, decaying ; this is the case in the remaining 
Liver-mosses, the Mosses, Ferns, Lycopodia, and Horse- 
tails. An example of this kind of development may be 
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found in every hot-house containing Ferns, for they 
may ahnost always be found germinating, (PI. m, 
Fig. 2.) 

All the plants just mentioned were united together by 
Linnaeus, under the name of Cryptogamia, or hidden- 
flowered, because he mistakenly supposed that they were 
not devoid of tlie second organ of reproduction, presently 
to be mentioned, the "ovaiy," but that it was merely so 
small and so hidden that it had not been det.ected. But 
the real fact is, that it is either altogether absent, oif 
merely inessential indications of it exist. In all these 
Cryptogamia, the reproductive cells are called spores or 
germinal grains. 

Development ^* ^^ thosc plauts which, with LiuUSBUS, 
of the Pha*. yi^Q call Phacuogamia or evident-flowered, the 
^ matter is diflerently arranged. The repro- 

ductive cells, which are here called pollen^ are formed 
in peculiarly metamorphosed leaves, the stamens. But 
other organs, beside the stamens, are found, either in the 
blossom of the same plant, or of another individual of 
the same species. These consist essentially of hollow 
and generally pear-shaped bodies which have a small 
opening at the upper end. A body of this kind is called 
the ffe^men^ and the orifice the stigma. In the cavity 
occur little protuberances formed of cellular tissue, the 
seed'huds^ to which the very inappropriate name of ovules 
was formerly given. In each of the seed-buds is one 
very large cell, called the embryo-sac. At the flowering 
period, the pollen falls upon the stigma, and then com- 
mences the development of the reproductive cells. Each 
one extends itself into a long filament, exactly as in the 
Cryptogamia, and in this form penetrates to the cavity 
of the germen, to enter one of the seed-buds, and finally, 
into the embryo-sac. The extremity which has passed 
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In, now becomes filled with cells, and these deyelop 
forthwith into a perfect, though as yet simple and minute, 
plantule, the so-caUed emhryo or germ^ (PI. m, Figs. 
6 — 9.) Simultaneously with the development of the 
pollen-cell into the embryo, the seed-bud is perfected 
into a seed, the germen into the fruit. 

A pause in the growth now suddenly occurs, and the 
seed may often be preserved for a long time in this ap- 
parently dead condition. But when favorable external' 
circumstances come into play, the life begins anew with 
the further unfolding of the plant, which is commonly 
called germination, (PI. m. Figs. 10 — 12.) How long 
the vital power may slumber in the seed, is Longevity 
shown by the fact that the late Count von ®' *^« *®«^ 
Sternberg raised healthy plants of wheat from grains 
which were found in a mummy-case, (which, therefore, 
must have reposed for 3000 years) and laid these before 
the Assembly of Naturalists in Freyburg. This experi- 
ment has also been made in England. 

In the plants called "Cryptogamia," it is Thespedes 
very evident that the multiplication of the *« perpetu». 
plants is perfectly secured, since the spores, 
which occur in enormous numbers, fall at once upon the 
ground, where they may become fully developed. But 
the matter does not seem quite so certain in the Phane- 
rogamia. In many blossoms, it is true, the germens and 
the stamens are so closely associated, that the pollen ap- 
parently cannot miss the place, the stigma, on which its 
development is to begin. But this relative position is 
not alone sufficient; the two parts, the stamens 
and the germen, or, more correctly, the pollen and 
the stigma, must simultaneously stand in the same 
physiological stage of development; when the anther 
bursts, when the pollen falls out, the stigma must 
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also be ready to receive it and call forth its power of 
development. 

Kow, in a gi*eat many blossoms, this does not take 
contiiigeii- pl^^ce ; the pollen is probably lost to liie stigma 
cies proTided of the samc flowcr much oftener than perhaps 
*"* is usually supposed, either because the latter 

is not yet sufficiently perfect, or, on the other hand, has 
begun to decay, at the moment when the scattering of 
the pollen approaches. And much more adverse are the 
circumstances in a not inconsiderable number of plants, 
in which each blossom contains only stamens or only 
germens, and where these two kinds of blossoms are at 
some distance from each other, either in the same plant 
or in different plants, such as those which LinnsBus called 
single-housed (Mbnoscia^) and double-housed (Dioecia.) 
In many groups of plants, as in the AsclepiadacesB and 
Orchidacese, Nature appears to have methodically taken 
pains, in the complicated and irregular structure of the 
organs, to render impossible the natural application of 
the pollen upon the stigma. 

Here totally foreign powers come wonderfully to the 
aid of the vegetable world, and, in the fulfillment of tiieir 
Intervention ^^u irrclativc natural duties, casually exert 
of wind and go csscutial au influeuce on the life of the 
plants, that one would almost believe it was 
their proper destination. For, be they land plants, the 
wind drives the enormous quantity of pollen far and 
wide, and the air is often so filled with it that sudden 
rain throws it down in visible quantity, as the so-called 
sulphur-showers. Where there is such profiision,^ a suffi- 
cient number of granules must of course reach their 
destined resting-place. If they be water plants, the ger- 
mens fioat in such a manner that the light waves wash 
over them, and the pollen, driven about in the water, is 
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ihns brought to its place. In the two great families, 
especially, the Asclepiadacese, to which belongs the 
Syrian Silk-plant, and the Orchidacese, which, with their 
blossoms imitating bright, splendid butterflies, and 
strangely fashioned insects, adorn the damp shades of 
the tropical forests ; in these two groups of plants espe- 
cially is seen, the distinct interference of living creatures 
in the reproduction of plants. In them the pollen of 
each anther is glued together by a matter like bird-lime, 
and it adheres so firmly to the nectar-seeking insect, that 
he cannot get rid of it. The nectaries are so situated in 
the flower, that the insect, in order to reach interrention 
them, must come into close contact with the <^ «»• »«»** 
stigma, and thus the pollen is brought to its 
destined place. We often see flies crawling on the Silk- 
plant, with a number of such club-shaped pollen-masses 
hanging to their legs, an4 in some localities the bee- 
keepers speak of a peculiar disease of their industrious 
little animals, ^^ the club-sickness," which consists solely 
in the adherence of so many pollen-masses of Orchida- 
ceae to the heads of the bees, that they are disabled from 
flying, and thus are lost. A copious work was written 
at the end of the last century, by Christian Conrad 
Sprengel, on the share which insects take in the repro- 
duction of vegetables ; in the enthusiastic warmth of his 
investigations he wished to claim for insects the part of 
Nature's universal gardeners. Easy as it may be to 
point out, with an ironical smile, the narrow views of 
this child-like, pious naturalist, in individual instances, 
it is exceedingly difficult to find the true point of view, 
from which to form an opinion on this apparently most 
strange phenomenon in the life of Nature. It is, indeed, 
a very natural connection, when a glutinous substance is 
produced with the pollen in a plant ; it is easily compre- 
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bended that the pollen must then necessarily adhere to 
the bees; it is certainly simplest and most natural to 
assume, that in their subsequent rovings, this pollen be- 
comes merely accidentally deposited In its right place ; 
that a rivulet should play in little ripples, that in air in- 
creased in weight by the hot sand of Sahara, the wind 
should carry about the light pollen of the Date-palm, 
are of course natural events, and depend upon invariable 
laws of Nature. 

Reflections. And yct, whcu we conceive of the pheno- 
mena in a mass, as a connected whole, we can neither 
repel nor answer the questions which press upon us. 
What has the wind to do with the Date harvest of Bile- 
duljerid, and with the suste^^ce of millions of men t 
Knows the inanimate wave;- which bears the Cocoa-nut 
to far and uninhabited islands, on the shore of which it 
shall germinate — that thus it paves the way to the ftirther 
diffusion of the human race ? What cares the gall-fly 
that on its activity depends the Fig trade of Smyrna, 
and the food or support of thousands of human beings { 
Or does the beetle, whose theft facilitates the increase 
of the Kamschatkan Lily, imagine that their bulbs shall 
be the means to save the whole population of Greenland 
from starvation in the following hard winter ? If all this 
is the result of insubstantial natural laws, whence this 
wonderful inter-dependence and connection of subordi- 
nate forces, to bring to pass events which have so deep 
an influence on the history of humanity ? We do, indeed, 
see into the mechanism of the puppet ; but Who holds 
the strings, and directs all its motions to One Purpose f 
Here closes the oflSce of the naturalist, and instead of 
answering, he turns from the world of space and lifeless 
matter upward to where, in holy anticipation, we seek the 
Ruler of Worlds. 



THE MORPHDLOGY OF PLANTS. 



** All ihapM are dmllar, yet all unlJDce, 
7h» chonu thai a hidden law xeTeala." 

OOETHS. 



CHAPTEK IV. 

SoBCB years ago, I was very intimate with the The lonatio. 
directing physician ofa large Lunatic Asylum, and I used 
industriously to avail myself of the liberty I thus obtained, 
to visit at will the house and its inhabitants. One 
morning I entered the room of a madman, whose con- 
stantly varying hallucinations especially interested me. 
I found him crouching down by the stove, watching with 
close attention, a saucepan, the contents of which he was 
carefully stirring. At the noise of my entrance, he turned 
round, and, with a fecc of the greatest importance whis- 
pered : — " Hush, hush 1 don't disturb my little pigs ; 
they will be ready directly." Full of curiosity to know 
whither his diseased imagination had now led him, I 
approached nearer. " You see," said he, with the mys- 
terious expression of an alchemist, " here I have black- 
puddings, pigs' bones and bristles in the saucepan, 
everything that is necessary, we only want the vital 
warmth, and the young pig will be ready made again." 
Laughable as this circumstance appeared to me at the 
time, it has often recurred to me since in seriousness, 
when I have reflected on certain errors in science, and 

(87) 
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if the mere form of the delusion were the criterion of 
sanity or insanity, even many distinguished naturalists 
of our time would have to share the narrow cell of my 
unfortunate Mahlberg. 

An erroroor- The purport of the crror, expressed in gene- 
*««**<*• ral terms, is this : that a definite mixture of 

definite substances is at once a perfect individualized na- 
tural body ; while, in reality, there must be combina- - 
tion of two diflerent kinds ; namely, of matter and of s. 
form or shape, which two things are equally necessary 
to complete the special conception of an organism. The 
defined limitation in space, is exactly that which we 
consider the chief characteristic of an individualized 
natural body. 

„ , , The surrounding material world exhibits 

Natural , *^ 

sdenoe three- itsclf, accordiug to the mauucr in which we 
**^*^' look at it, with three totally diflferent sides^ 

and each of these gives us opportunity to develop a pe- 
culiar scientific system. No human being can foresee 
whether we shall ever succeed in including two, much 
more all three of these systems in one common scientific 
theory of the world, proceeding from a single principle. 
These three systems, which are the primary divisions of 
natural science as a whole, may be most simply and in- 
telligibly explained by a consideration of our solar sys- 
tem. In this we find, in the first place, certain great 
bodies which are formed of matters of different kinds. 
These matters and their peculiarities, the mass, which is 
the basis of the whole system, is the first subject of our 
inquiries, thus arises the study of matter or Hylology. 
But we observe, at the same time, that these ponderous 
masses of matter are never at rest, that unceasing change 
of relative position drives them through space. The 
motions and their regulation become the second object 
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of our research, the study of motion or Phoronoxny. 
But we have not yet exhausted the knowledge 
of the solar system in these two. Neither ictenee la a«. 
from the peculiar properties of matter, nor the ^^"^y- 
laws of motion, can we deduce the reason why fourteen 
planets circulate round the sun, why only Earth, Jupiter, 
Saturn and Uranus have satellites, why Saturn alone a 
ring, why the planes of the planets' paths have this and 
no other inclination toward each other, etc. In short, there 
are still definite, permanent, created relations in space 
which do not follow from the law of motion, which can- 
not be considered as peculiarities of substance or of mat- 
ter ia. general, relations which are the cause of the form 
under which the moving masses appear to us ; in a word, 
the definite shape of this our solar system, which seems 
accidental in so &r that countless other shapes are pos- 
sible, and, perhaps, in other solar systems are actual. 
These last considerations give us the study of ^shioning, 
or Morphology. If we pass now from the solar system 
to the circumstances of our own earth, Pylology becomes 
Chemisty ; Phoronomy, Physics, or in reference to organ- 
ized bodies. Physiology ; and Morphology gives the 
characteristic studies. Mineralogy, Zoology and Botany. 
The simplest plant we investigate, shows jfatarai sd< 
us, quite as well as the solar system on a ence in bou. 
larger scale, a series of facts, which may be °^* 
distributed into the three primary divisions of science. 
The plant, chemically analyzed, is found to be composed 
of greater or smaller quantities of difierent substances, 
the peculiarities of which, so far as we know at present, 
are most intimately connected with the individuality of 
the whole plant (Study of matter). But by closer atten- 
tion, we soon find that these substances are never at 
rest ; that, on the one hand, matters are entering the 
8 
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plant, on the other, leaving it, and, in the plant itself, in 
constant motion from one place to another, — constantly 
combining and separating (Study of motion or Physi- 
ology of plants). Have we then exhausted the whole 
existence of the plant ? By no means ; and, in &ct, so 
far from it, that it is conceivable that all these sub- 
stances, all their motions (so far as they relate to chemi- 
cal union and separation) might be imitated in the retorts 
and crucibles of our laboratories, without any phenome- 
non occurring to remind us in the most distant manner 
of a plant. From sugar, gum, or vegetable jelly is 
formed cellulose ; but cellulose is not as yet a cell. This 
cell-formation, consequently the shaping, first cl^ges 
the substances into vegetable organisms. 

All existing plants are composed of cells 
an essential of the samc kind, but the diiferent plants are 
**'"**• distinguished from one another by the con- 

tour, the design according to which the cells are united 
together. Whether it arises from the essential nature 
of the circumstances or not, we cannot say, but at least, 
so far as appearance goes, the production of shape is so 
prominent a point in the Natural History of Plants, 
that all the rest has often been forgotten for its sake; 
and thus tlie study of form, or Morphology, becomes in 
any case the most important branch of teaching in all 
Botany. But it would be a great mistake to suppoSb 
that Morphology is merely a meager enunciation and 
description of forms. It is also a scientific question : it 
has also to seek for the knowledge of laws, and must, at 
least as a preliminary step, arrange the multitude of 
appearance^ under primary points of view, place them 
according to rule and exception, and so gradually ap- 
proach nearer to the discovery of the actual laws of 
Nature. 
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The notion of such a regulation of the ortiuiawi 
shapes of plants, was first expressed by •'*™- 
Gfothe, in his idea of a typical plant, whereby he 
6ignified an ideal plant, the realization of which, as it 
Were, Nature had proposed to herself, and which she 
had only attained in a certain degree in the individual 
plants. This eonception is certainly by no means fault- 
less. Ill the first place, it is scarcely necessary to say 
to any one who is accustomed to refined speculations, 
that in reference to all these things, human strivings 
after the archetypes of Nature are mere unsubstantial 
play of the imagination, which at best can but help a 
tottering brain to bring the conditions nearer to its 
power of comprehending them ; but this is always at 
the cost of the only true comprehension itself. The 
setting up of a design, the carrying out, the commission 
of errors therein, and consequent only partial success of 
the whole, are conditions which belong only to the im- 
perfect reason of human beings, " whose knowledge is 
patchwork." This so-called Anthropopathy (bumaniza- 
tion,) however, is without meaning in the presence of 
Nature ; for this is, according to the stand-point which 
the human judgment takes, either the product of blind 
force acting under unvarying laws — ^and then to speak 
of plan and a greater or less degree of perfection is ab 
surd, since all is rigid necessity, — or, it appears to us as 
the Creation of a Holy Author, and then plan and exe- 
cution are equally perfect and complete in the least as 
in the greatest, but for the son of earth everywhere mys- 
terious and inconceivable. 

On the other hand, also, Gothe's idea of a The ^icai 
typical plant suffers from obscurity, since it is p^*"** 
not clear how a man can imagine such a type. This 
much \& certain, that the disagreeable, tasteless heaping 
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up of a Dumber ofN^dividually possible forms into such 
an actaal vegetable Ik^onster as Turpin has perpetrated 
in his Atlas to Gothe's^icientLfic works, is anything but 
what Gk>the pictured to hknself in his ideal plant. In^ 
order to impress the idea upon the senses,* we, also, miust 
make use of a representation of an ideal plant, which 
shall give us the highest development of the vegetable 
world in its simplest form ; from whicl^ therefore, all the 
lower stages may be deduced by omi88iod<>r contraction, 
all the allied by combination and complication. 

The cut. The accompanying plate (iv) will serve to 

represent such a plant. It may be regarded as an abstrac- 
tion of a very simple and familiar plant, the AnagaUis 
pJuBuicea^ the large blue-flowered variety of which deco- 
rates our windows, under the name oiAnagallis monMi. 
A close examination of this picture will render some of the 
more important morphological conceptions more readily 
intelligible. A mere glance even shows us the follow- 
ing characteristics : — In the first place, we distinguish a 

^jyg,^ „. continuous principal trunk {a\jo a vi,) with 
duced to two various lateral appendages attached to it (J, 
*'^'**^*' c to c vn and d). Viewed more narrowly, 

these latter exhibit some very striking differences, which 
are capable of being arranged into three classes (which, 
therefore, are distinguished by the three letters J, o and 
d). Continuing our investigation, we find the organs 
marked d (see Figs, di^ d ii) to be also composed of a 
main trunk and lateral organs, and, having exactly the 
same characters as the plant itself in their subsequent 
development, they are mere repetitions of it, only dis- 
tinguished by not being free at the lower extremity. 
We may, therefore, readily exclude these parts, called 
" huds^'^ altogether firom our consideration. The organs 
marked h agree so perfectly in all their characters with 
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the inferior tt%Q end of the plant, that we have no hesi* 
tation in regarding them as portions of it, although sci** 
eflice subsequently points out that they differ essentially 
in the whole plant. 

We have now, therefore, only two organs in «» Mis. 
the whole plant. The first is the continuous main trunk 
of thi plant, called 'Hhe amis^^^ or ^^ stem-organ^^^ the 
latt€t"*t€tm' being employed because the various forms 
of the vegetable stem are all developed firom this part. 
The axis is the primary and fundamental portion of the 
plant from its very origin, and not unfrequently the 
other organs are but imperfectly formed, or appear in 
particular special forms, as in the Cactus tribe, the Sta- 
pelias, and almost all parasitical plants. 

The second organ is represented by the late- The lean 
nd bodies marked ^, exhibiting a multitude of differ- 
ences in the individuals, yet one essential, fundamental 
physiognomy, which they never wholly throw aside, and 
which is especially visible during their development ; — 
they receive the general name of " leaf -organs ^^'^ or 
*' leaves,'^'* Thus we perceive that even the most perfect 
plant only possesses two essential organs, namely, the 
stem and the leaf; therefore, that the ideal plant de- 
picted by fancy, the typcal plant, has a basis simple 
b^ond all anticipation. But we must distinguish and 
name more minutely the following modifications of the 
primary organs : — 

1. Of the axis, we find a lower end,^hich Axworgaai. 
is called " the rooV^ (a), with its lateral organs '^acoes' 
sory roots^ or rootlets " (J), an intermediate portion {a i 
to a v) the pt-oper "«^m,"-the supporter of the leaf- 
organs and buds ; lastly, an upper end {a vi) which sub- 
sequently, after manifold occurrences, developes into a 
•eed, and therefore receives tiie suitable name of ''Med- 
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hid.^^ (Formerly an unfortunately chosen term, " vege- 
table ovtdeSj^^ was applied to the seed-buds.) 
woousatmBot- 2. A far greater diversity of forms occurs 
•»»■• in the leaves. The first which are exhibited 

by the unfolding plant, and which may mostly be found 
already tolerably perfect in the embryo, are the ^^ eeecL 
lohes^^ or ^^ cotyledons ^^ (c,) their outline being very 
simple. From these to the middle of the stem, the 
leaves, according to a tolerably prevalent law, become 
more diverse and complicated in their outline, and from 
the middle to near the upper end progressiyely more 
simple again {e i — c iii). These forms are coUectiyely 
included under the name of ^' leaves^^^ and they alone 
are known imder this name in common life. 

organa of The succeediug foliaceous organs {e rv — 
the flower. ^ yjj^j together with their intermediate por- 
tions of stem, are comprehended in the somewhat ind^ 
finite word ^^fiower^^ or " hlossom^'^ but four degrees of 
development may be distinguished in them. The first, 
second, and fourth (o rv, c v, c vn,) differ only from the 
true leaves in the delicacy of their texture, and the 
second more especially by their color ; they are called 
" ealyx^' " corolla^'' " carpels^'' or '-''fruit-leaves^^ The 
last derived their name of fruit-leaves from the circum- 
stance, that in their subsequent most remarkable changes., 
*they mostly form the essential portion of what is com- 
monly called the fruit. The third state of development 
has totally different peculiarities, the leaf undergoes such 
important structural metamorphoses, that it can scarcely 
be recognized. The chief points consist in this, — ^it be- 
comes slender and thick, while several (frequently four) 
long cavities, lying side by side, are excavated in its 
interior; these become filled with a quantity of perfectly 
isolated, dust-like cells, which by the regular opening 
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of the cavities are expelled and scattered furonnd. lliese 
leaves are called "«^am«n«," or, down to the point where 
the cavities terminate, ^^ antJters^^^ and the isolated cells 

K from this ideal plant the more compound leaves 
(c I and n) are omitted, and we imagine the pairs of 
its leaf organs increased to fives, these to be grown to- 
gether in four <^ircles, and again, instead of the one seed- 
bud, a number of them united into a kind of knob at 
the upper extremity of the stem, we shall thus obtain a 
plant of the above-mentioned Anagallis. 

But if we would reduce this ideal plant to primary 
a simpler form of vegetable life, ^, g.^ a Fern, *»™"- 
Moss, Conferva, etc., we must confound and blend 
together its parts, till nothing at all remains which 
retains the slightest resemblance to it. Kow, attempts 
at a morphological legislation are just as little to the 
purpose, since they engage us, not in the actual world, 
but on the sportive products of our own imagination, 
and lead us to content ourselves with explanations and 
laws, which only find application in a small portion of 
the vegetable world, while all the rest remains dark and 
incomprehensible. Gpthe's typical plant, therefore, will 
be of no use to us, and we must seek another path by 
which to enter upon the contemplation of the relations 
of form in the vegetable world. 

The subject has greater difficulties than at j.^^ ^^^^ 
first appear ; and to obtain a correct insight fled i>7 dimen- 
into this question, indeed to avoid a gross '*^"* 
error which renowned observers both have, and do 
still daily fall into, it is necessary to take a very com- 
prehensive view of the kingdom of Plants. When we 
speak of forms, of shapes, we mean the defined, limited 
bodies existing in nature. The conception of any body 
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whatsoever, however, already preeupposes, that it is ez^ 
tended in all three directions of space, length, breadth, 
and depth. A mere line or surface is not a body, and 
therefore no shape, and it gives us merely the simplest 
relations to space, consequently, no basis for classifica- 
tion. Now, one or two of these directions of extension 
may predominate in a body; we easily distinguish a 
thread fi*om a sheet of paper, simply by these conditions. 
Here, however, there is but a simple more or less^ but 
no deeper essential distinction, as is most distinctly 
shown by the fact, that where the external bounding or 
definition first acquires a great importance in natural 
science, namely, in crystals, one and the same kind of 
crystal may appear as a long needle, a little flat plate or 
as a body equally extended in all directions. The ciys- 
talized oxalate of lime, occurring so frequently in plants, 
has in all its forms a square surface as its constant basis, 
upon which a square column is built. When this is very 
short, a little quadrangular plate is the result, if higher, 
it gradually approaches the cube ; becoming taller, it 
passes up beyond this, and at last appears as a long 
slender needle, almost filiform ; but the shape of the crys- 
tal, the essential form, remains ever the same, a square 
column; just as we may recognize the same human 
shape, though mankind are short and stout, or tall and 
slender. The conclusion which may now be drawn from 
this is, that we can deduce no characters from the gene- 
ral conception of a body, wherewith to distinguish and 
classify it. Glorious systems may, indeed, be thought 
out on paper in the study, but these have no meaning 
or importance in the actual world. Thus,\w we enter 
upon these things, we must rather modestly inquire 
whether Nature is inclined to display her mysteries to 
us ; whether she will in this or that individual instance 
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make manifest what characters are essential in their 
shape ; in a word, what basis she will afford us for the 
erection of our system. 

In reference to this point, our science The aim of 
stands at very different degrees of completion xoiphoiogy. 
in the different classes of natural bodies, in all, how- 
ever, yet far distant from its object. This object is, 
namely, to be able to explain all shapes by the regular 
action of force in nature, and this is not at present pos- 
sible in one single case. The preparatory stages, how- 
ever, by which we are to attain to this object, consist in 
the first place, in the accurate knowledge and arrange- 
ment of different shapes according to their inner affini- 
ties, and secondly, in the gradually completed discovery 
and collection of the external circumstances under the 
influence of which the individual shapes are formed. 
For the latter part of the subject, we have collected here 
and there a few solitary fragments ; for the former half, 
the arrangement of the forms of crystals is tolerably per- 
fect ; in plants and animal worlds, on the contrary, we 
have only gained, from very various stand-points, a few 
prospects and surveys which, on the whole, exhibit but 
very little inward connection. 

The great hindrance in the last case, in relation to cer- 
tain poipts, is exactly that phenomenon which we call 
vitality ; wherein the characteristic of this life lies, is 
but rarely distinctly to be perceived. 

The crystal does not spring at once a perfect Mographyor 
Minerva from the head of the Jupiter ; the *»i««y«*«i- 
matter of which it is formed undergoes a constant series 
of changes, the final result of which is the completed 
shape of the crystal. The crystal, too, has an individual 
history, a biography, but only a history of its heooming^ 
9 
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its organization. Once become^ its life is at an end, its 
consistence exclades every change ; the moment of its 
birth is that of the expiration of its life, it is dead from 
the moment in which it begins its perfect exist^ice. 
Plants and animals form the most direct contrast to this, 
and herein lies that common nature, which induces ns 
to comprehend them in one conception, as organic or 
living existence. In the following explanations, how* 
ever, to avoid prolixity, I will restrict myself to the 
Vegetable Kingdom. 

^j^^^ ^ In Spring we conmiit the barley-corn to its 
of tiM bariey nursc, the earth ; the germ begins to move, 
^^^^ starts from its envelopes, which fall to decay. 

One lea after another appears and unfolds itself; then 
the flowers display themselves in a thickly-crowded 
spike ; called forth through wonderful metamorphoses, 
originates in each the germ of a new life, and while 
this, with its envelox)es, becomes perfected into a seed, 
constant changes in the plant, from below upward, are 
in progress ; one leaf after another dies and withers, at 
last but the dry and naked straw-halm stands there ; 
bowed down by the burden of the golden-gift of Geres, 
it breaks up and rots upon the earth, while withii;i the 
scattered grain, lightly and snugly covered by protecting 
snow, a new period of development is preparing, which 
beginning in the following Spring, continues on the un- 
ceasing repetition of these processes. Here there is 
nothing firm, nothing consistent ; an endless becoming 
and unfolding, and a continual death and destruction, 
side by side and intergrafted — such is the plant I It 
has a history, not only of its formation^ but also of 
its existenoe, not merely of its origin^ but of its jper^ 
Biatenoe. 
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We speak of plants ; where are they t When 
18 a plant perfect, complete, so that I may erer gnmfag 

— noTi 
ished. 



snatch it out of the continual change of mat- --"«^" **• 



ter and form and examine it as a thing he^ 
come t We speak of shapes and forms ; when shall we 
grasp them, disappearing, Protens-like, every moment, 
and transformed beneath our hands? As in Dobler's 
dissolving views, one picture imperceptibly disappears 
betbre onr eyes and another takes its place, without one 
being able to determine the moment when the former 
was lost or the latter began to appear. In every given 
moment is the plant the ruin of the past, and yet, at the 
same time, the potentially and actually developing germ 
of the future; still more, it also appears a perfect, com- 
plete, and finished product for the present. Here lies 
the fundamental cause why a morphology of the crystal 
or the inorganic world must have so essentially different 
an import and development from the study of the shapes 
of the so-called living existences ; but there is yet an- 
other condition, though truly, compared to that just 
mentioned, one of very little importance, whereby the 
examination of organic bodies is involved in diflSeulty 
and complexity, to which human powers of comprehen- 
sion are not nearly equal with the assistance at present 
at their command. 
By shape is understood the limitation of ^ , ^ 

• ^ ■» Organio forms 

bodies in space ; the limits or boundaries by not geometri- 
which the definite shape is separated from **^ 
boundless space, are surfaces. Surfaces themselves are 
either plane, and these again bounded by lines, or curved, 
and then defined in different ways by the relation of 
their parts to one or more lines. The plane surfaces are 
easily constructed and arranged if their boundary lines 
axe straight, as also are the bodies bounded by plane 
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surfaces, like crystals. In planes which are bounded 
by curves, the diflSculty gradually increases to that great 
complexity which the theory of curved lines presents. 
On the other hand, only a few of the curved sur&ces, 
such as the sphere, the ellipsoid, and so on, are capable 
of accurate geometrical definition, the conditions soon 
become so complex that they bid defiance to the most 
acute combinations of the greatest mathematicians. 
Kow, all lines and surfaces which occur in organized 
bodies, are curved, and almost always so irregularly, that 
a geometrical definition of them is at present out of the 
question. Thus, leaving out of view all the other diffi- 
culties, we are already disabled from using accurately- 
defined geometrical terms, even in the mere description 
of the particular organic forms, and we are compelled 
to have recourse to comparisons, and a peculiar technical 
language derived from them, which, from the nature of 
its orgin, is very ambiguous. Even such expressions as 
cylindrical, prismatic, circular, spherical, and the* like, 
have no longer a well-defined geometrical signification 
in their application to plants, but merely an approxima- 
tive, comparative value. 
^ ... _, From these circumstances, it is evident 

Guiding prin- ' 

dpies in this that vcry general information and a peculiar 
■^"^^* tact, I might almost say instinct, for natural 

science, is necessary to the safe advance of a single step 
forward in the study of the forms of plants, and that 
here we must, in the very first place, develop special, 
guiding maxims from the nature of the object itself, 
according to which to criticize, reject, or admit the in- 
numerable possible systems of Vegetable Morphology. 
This, indeed, gives us but the negative result, that all 
the rules tending to the -rejected systems are useless, 
while the admitted acquire only a possibility, but no 
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certainty of correctness. Nevertheless, mnch has already 
been gained by it, since the investigations become con- 
tinually more simple. When, guided by such princi- 
ples, we direct our attention to the plant, it presents two 
peculiarities, which make good their distinct claim to 
regard in all our investigations. One is the composition 
of the plant out of little, almost independent and indi- 
vidualized elementary organisms, namely the cells ; the 
other is the continuous process of absorption and excre- 
tion of matter, the production and dissolution of cells, 
and as a consequence of both, the constant alteration of the 
internal and external form, the structure and the shape. 

The maxims to be derived from these are : — 

"Whatever, in the plant, has not been MaxiiM. 
traced back to its composition from individual cells, is 
not yet known or understood, consequently cannot be 
used as the basis of any theoretical considerations." 
And secondly : 

" No individual, persistent, or rather, apparently per- 
sistent form, but only the course of its development, can 
be the object of a study of form in Botany ; every sys- 
tem which devotes itself to the isolated formal relations 
of this or that epoch, without regard to the law of deve- 
lopment, is a fanciful air-castle, which has no founda- 
tion in actuality, and therefore does not belong to 
scientific Boteny." 

It is not at all my intention to unfold all the separate 
positions which Morphology has hitherto secured, or is 
believed to have secured, from the observation of facts 
under the guidance of these maxims; this would be 
nothing less than to write a whole system of Botany. 
Here I can only proffer a general view of the Vegetable 
World, sketched according to its morphological cha- 
racters. 
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Begarding the vegetable kingdom as a 
fbnnsof Tega- whole, as an individual, the various stages of 
**"**'^ life and development of which lie as dose be- 

nde each other ^ as they follow after one another in a 
single plant, we are enabled to regard the simplest form 
as also the commencement of the Vegetable World ; 
and then we find that this, like the individual plant, is 
produced and developed from a simple cell. When on 
old damp walls and palings, or in glasses in which we 
have left soft water stand for several days in summer, 
we find a delicate, bright green and often almost vel- 
vety coat, we meet with the first beginning of vegetation. 
Under the microscope, we detect in these green masses 
a number of small spherical cells filled with sap, color- 
less granules and chlorophyll. In other places occur 
similar cells, but yellowish, brown or red, and almost 
all at least at present, may be regarded as perfect plants, 
which have received various names fi*om Botanists. 
The most suitable name for them is Protococcus pri- 
The Pro- niary vesicle. From this simple cell, vegeta- 
^ocoeeoM. ting as an independent plant, the develop- 
ment of the vegetable world takes its departure, and 
ascends by continually greater combinations and compli- 
cations to the most complex plants, which we are 
compelled to look upon as the highest states, although 
the uninitiated may think it strange whea I name as a 
representative of this highest expression of vegetable 
development, the little, common, and therefore despised, 
Daisy. 

Gradual ^^® forms immediately following the abov«- 
higher dere- mentioned simplest plants, also consist <rf)a 
lopments. gimpie cell, but this is elongated into a fila- 
ment and often branched, thus exhibiting a higher 
development of form ; next, the cells arrange themselves 
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into lines in manifold ways ; a variety of fonns of vegeta- 
tion soon grows up, which in water appear as the Silk- 
iceeds or Confervas^ generally of a green color, or on de- 
caying organic, bodies, as Moulds^ in very various and 
often most elegant forms, with the most brilliant play 
of color. Then the cells unite to compose iBiat structures, 
known to Botanists by the name of TJIvob frequently 
growing in the sea, almost like young Lettuce leaves, 
sometimes green, sometimes red, often affording a mea- 
ger meal to the poor inhabitants of the coast. Next 
they crowd together into solid masses, forming clumps 
and balls of the greatest possible variety of shapes. 
Now commences an unfolding of richer and more varied 
forms than were possible before in the simple element ; 
but the differences of development in length and breadth, 
or length, breadth and depth, are frequently repeated in 
the lower stages of the Vegetable World in the individual 
groups, and in the higher stages in almost all the indi- 
vidual organs. 

It will here be in place to call attention to Funcuons 
a peculiar condition in plants, which does not independent of 
occur in the animal world, except perhaps in ^'™^ 
the bones and the dermal system — parts which, even 
without this, are closely analogous to plants. In the 
inferior plants hitherto mentioned, we can, in general, 
neither detect definite members in the individual parts, 
nor a definite distribution of the vital functions among 
the several portions of the whole. Generally speaking, 
there are no organs here, neither such as, through a 
definite shape, are morphologically definite, nor such as 
seem to be always destined to a special function, and are 
in consequence physiologically definite. By degrees, in- 
deed, we see in the somewhat more highly developed 
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Sea-weeds, in the Fnngi and Lichens, certain quite 
definite cells, essentially difiering from the rest, and des- 
tined to the production of the reproductive cells ; we 
find the cells arranged in perfectly determinate forms, 
according to the varied structure of which we are then 
able to distinguish the larger and small groups ; but 
there the matter rests in the vegetable world. Up to 
the most highly-developed plant, we always find, ex- 
cepting in the organs of reproduction, a perfect inde- 
pendence of the physiological and the morphological 
import of the individual organs ; and mischievous con- 
fusion, which it is difficult to get clear of, has been 
brought into the study of the Forms of the Vegetable 
World, by the misconception of this relation. One and 
the same organ may serve the most different vital offices 
in different plants, and the same vital process may be- 
long to the leaf in one plant, to the stem in another. 

After these preliminary remarks, we may extend our 
review to a further portion of the vegetable kingdom. 
The whole world of plants is divided into two unequal 
portions, the smaller of which is composed of the three 

Forms of groups of the AlgcB or sea-weeds, the Fungi^ 
ftemiMs plants, ^^^j ^q Lichens, In this division we have, in 

general, no other organs but the apparatus for the forma- 
tion of reproductive cells, and for this reason, that the 
process of development is one and the same in all parts 
of the plant, each part, therefore, represents the whole 
plant, and as such may continue to live and grow. The 
forms are here mostly bounded by extraordinary vague 
outlines, especially in the Fungi, in which the plant 
itself is merely a wonderfully perishable interwoven 
mass of delicate filaments. The bodies usually called 
Fungi, in common life, are only the reproductive organs, 
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as it were ihQ fruit of the plant. A similar indetermi- 
nateness of form prevails also in the simpler Algae, com- 
mon water plants, and not less in the lower Lichens, the 
cmstaceoos kinds which cover walls, stones, and palings, 
with a whitish, gray or yellow scurf. In the highest 
AlgsB and Lichens alone, the forms become somewhat 
more definite, and often exhibit very constant shapes, 
which even possess a resemblance to stems and leaves, 
but without the same import, the same morphological 
value as in the next great division of plants. 

Li the latter, we first meet with two so essentially dif- 
ferent 'processes of development in one and the same 
plant, that we are obliged to regard their products as 
essentially different elementary organs. 

One organ is the first, the original, and de- 
velopes itself unceasingly at its two fi-ee ex- and leaf dis- 
tremities, these extremities are always its ^^k'***^*^ 
youngest, last formed parts ; this organ we call the stem 
in the widest sense of the word, or the axis oftheplant. 
On this original elementary organ, and out of it, grows 
a second, the free end of which originates first, and 
therefore, is the oldest part of the organ ; it grows only 
at the base, where it is connected with the stem, and 
this only for a certain length of time, being thus, as it 
were, pushed up out of the stem. This is a leaf in the 
widest signification of the term. While the former ex- 
hibited unlimited growth the latter is through the very 
nabde of its formation arrested at a certain boundary. 
"We perceive two things here : firsts that the stem and 
the leaf are actually contrasted with one another ; only 
where the one is present can we speak of the other. 
From this we draw a distinction in the plants of this 
primary division, and separate the stemless plants from 
those with stems. 
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Heumorpho- Sccondly^ it follows, from what has been 
da of plants premised, that the plant in general can have 
but two essentially different organs, namely, leaf and 
stem, and that all the remaining so-called organs of the 
plant must be only unimportant variations of form of 
one of these organs, or, structures resulting from the 
combination and blending together of both. This pro- 
position was first definitely expressed by Caspar Frederic 
Wolff and Gothe, and the result of the observation, that 
all the organs of a plant possessing a stem may be traced 
back to one or other of the elementary organs, has given 
rise to a peculiar study, which is universally knovm by 
the name given to it by Gothe, " the metamorphosis of 
plants." What has already been revealed by publica- 
tions now in our possession, includes but a very small 
part of that branch of study, which, as Morphology, 
will hereafter be the most essential section of all 
Botany. 

We might here easily give a brief review of this sub- 
ject, by an example, without entering into all the indi- 
vidual points which still contain many difficulties and 
unsolved problems. The most important, however, have 
already been dealt with in the explanation of the idea 
of a typical plant, and therefore we shall only need some 
little additions in reference to the formation of the 
flower, which exhibits some complexity. 

structure of In the placc whcrc the carpels oriruit -leaves, 
the pistu. nn(j Beed-buds are situated in the typical plant, 
that is, in the center of the flower, most plants display 
an organ which is closed in all round, but hollow ; it 
incloses the seed-buds, and its cavity only communicates 
with the external air by a canal which is usually almost 
imperceptible. This body, as a whole, is called the 
"^i^^iZ," that part which incloses the seed-buds the 
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^^g&rmen^^ (also firuit-bnd,) and the opening above, the 
^'stigma.^^ If the body is elongated into a kind of stem 
between the germen and the stigma, this portion is called 
the " style^^ (H. iv, Fig. 2.) Now, this body is espe- 
cially variable in its composition ; sometimes it is wholly 
formed of -one or several carpels, at others, its lower 
part, the germen or even the whole is a portion of the 
peculiarly transformed stem. Those portions of the stem, 
too, which otherwise belong to the blossom {a in — a v,) 
are often metamorphosed in the strangest ways, and on 
these two conditions depends in part the great variety of 
flowers, to which also the conditions of number and po- 
sition in the remaining portions contribute their share 
of influence. 

The terms which we derive from such sci- stmctuw of 
entiflc examination of plants, appear strange *^® ^'^*- 
when they are used in common life, and it sounds 
strangely enough to hear, that the grateful juicy part of 
a Strawberry is but a portion of the flower-BtdLh^ while 
the actual iruit consists in the little inedible granules ; 
on the other hand, that in a Easpberry we eat a quantity 
of little genuine fruits, the carpels which have become 
fleshy and succulent, while the same portion of the stem 
which delighted our palate in the nearly allied Straw- 
berry, is here represented by the little white, spongy 
cone ; that in the Apple we eat a part of \hQ flower-stalk; 
in the Cherry, part of a leaf; and that in the Nut and 
Almond we devour a whole diminutive plant, root, stem, 
leaves, and buds. 

But we must here once more recall to mind, parta deu- 
what has already been mentioned at the out- ^•'**- 
set of our examination of the typical plant : namely, 
that by no means all the individual parts and forms de- 
scribed in the typical plant make their appearance in 
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every plant, nay, even in every plant having a stem. 
Among those last, indeed, are found a large nmnber 
with a much more simple stractnre and, therefore, in 
order to proceed with the unfolding of the series of steps, 
we are again obliged to recur to the reproduction of 
plants. 

The eaoies- ^^ ^^^ 1)0 remembered from a former Lec- 
oant chtjpto- ture, that the general process of the multipli- 
**°*^ cation of all plants consists of the formation 

of definite reproductive cells, the detachment of these 
from the place where they were produced, and their de- 
velopment into new plants; but that an essential dis- 
tinction was founded on the circumstances under which 
the development takes place : whether the reproductive 
cell can at once unfold itself into a new plant in water 
or on the earth, or must acquire a certain degree of ma- 
turity within a peculiar organ of the plant, the so-caUed 
seed-bud. To the plants of the former kind, which are 
called Cryptogamous^ or asexual^ belong a considerable 
number of the stem-plants. I will here especially cite 
only the Liver-worts and Mosses, the LycopodiacetB or 
Club-mosses, the Ferns, and the Equiseta or Horsetails. 
In all these groups can be distinguished a distinct stem 
with leaves, but a peculiar series of gradations is exhi- 
bited by them in the formation of the reproductive cells, 
which, in the Liver-worts and Mosses are found in a 
morphologically indefinite capsule, in the succeeding 
groups come into more intimate connection with the leaf, 
and at last assert so strongly their exclusive claim to de- 
finite foliaceous organs, that the said organs lose all their 
resemblance to the other leaves. As the reproductive 
cells are called spores, these leaves receive the name of 
" spore-leaves ^^^ and in the Horsetails they have the same 
form as in the succeeding and highest of the great divi- 
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Bions of the stem-plants, which form, in the sexual^ or 
PhanerogamouB plants, is that of stamens with their 
anthers. 

In the Liver-worts, Mosses, and Ferns, we ihoAntiM- 
find an organ of a peculiar kind, which in its "^"^ 
Btmctore corresponds to the seed-buds of the sexual 
plants ; its morphological import is as yetxmdetermined, 
its physiological relations are wholly inexplicable at pre- 
sent, but it certainly has no essential connection with the 
reproductive functions. These organs are usually called 
antheridia. They remind us very strongly of a phe- 
nomenon observed in the progressive gradations of ani- 
mals, where we also often find an organ prefigured in a 
group or genus in which it performs no function, ac- 
quiring its actual importance to the life of the animal in 
a neighboring group. 

Stem and leaf as elementary organs, defi- ThePhM&o- 
nite leaves transformed into spore-leaves for "p*"*^ 
the formation of reproductive cells, and an organ of an 
uncertain nature with the structure of a seed-bud, these 
are the acquisitions with which Nature enters upon the 
development of the last great division of the Vegetable 
Kingdom, the group of Sexual Plants. The character- 
istic of this group is the entrance of the seed-bud upon 
its true office, that of a reproductive apparatus, and it 
here distinctly shows itself to be the terminal joint of 
the stem-organ {a vi). 

The sexual plants again separate into two. « ^ j. 
divisions of unequal magnitude. In the first by the wed- 
and smaller, the inflorescence is still very ^®**^- 
simple, since, on the one hand, it is devoid of what is 
understood as a flower in common life ; on the other, 
the seed- bud, and consequently the seed developed from 
it, is naked and unindosed in any germen. This 
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divisicHi, which includes the Fir tribe, the Zoranthaeem 
with the parasite Misletoe, so injurious to our fruit 
trees and a family of tropical plants — ^the OycadacecBy is 
contrasted as the class of naked-seeded plants, as Oym- 
nospermSy with the covered-seeded class, the Angio^ 
sperms. In the last great division of plants, it is the 
inflorescence which ^ especially attracts our attention. 
Here, too, the elements of a graduated series are unmia- 
takable, but we must first direct our observations to 
one more st)eciality which separates the whole of the 
plants belonging to this class, as it were into two paral- 
lel series of d^elopments. As the embryo is gradually 
developed from, the reproductive cell, upon the axis, 
which of course is first formed — either one first leaf 14 
produced, wholly surrounding the axis like a sheath, and 
completely covering its upper ^art ; or, simultaneously 
and opposite to each other upon the stem, tv)0 first 
leaves appear, each of which half embraces it, and 
which inclose the upper part of the embryo between 
« ^..^^ them. The first series are called the one* 

Subdivisions 

iiy the seed- seed-lohed OT Monocotyledons ^ to which, for 
lobes, etc example, belong all Liliaceous plants, Palms, 
Grasses, Sedges, etc.; the second, the two-seed-lobed or 
Dicotyledons, for examples of which, comioon garden 
plants and trees may be taken. Tlie plants of the two 
series not only difler essentially in their apparently un- 
important characters, but in all the rest of their organi- 
zation, and are so strikingly distinct in their external 
appearance, that a little practice enables the eye to 
recognize them readily at the first glance. The first 
Subdivisions generally have the fiber-like wood-bundles 
by the growth, scattered throughout the stem, as in the stem 
of the Maize; the second a closed, firm circle of wood 
like the Willow ; in the leaves of the first, the veins aro 
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usually parallel as in the Grasses; the veins of the 
others ramify like the branches of a tree, and thus form 
an elegant net-work on the surface of the leaf, as in the 
Lime ; finally, we find the number three firequently pre- 
vailing in the inflorescence of the former, as .in the 
Tulip, while in the latter it is five, as in the Primrose. 
These two series proceed, step by step, parallel with one 
another, and what is about to be stated regarding the 
inflorescence, holds equally good in both. "We have 
to learn what those elements are, the combination which, 
into a higher unity, is here the purpose of TheprogwBs 
Nature. The first thing which she does is of dereiop- 
to inclose the seed-bud in the peculiar, appa- ™*'^ * 
ratus which we have above described as the pistil. 
Originally, the stamens and pistil have no essential rela- 
tion to each other in reference to position. Each organ 
fprms a blossom in itself. Then both are united, by the 
combination of a definite number of stamens, with one 
or more pistils. Next enter one, then more circles of 
foliaceous organs into this blossom, and thus form that 
which people commonly call a flower. These leaves 
acquire difierent forms, different colors, the structure of 
a portion of them becomes more delicate and they re- 
ceive the names oi floral envelopes^ calyx^ corolla^ etc. 
Finally, in the highest stage. Nature unites a number of 
separate flowers of this kind into one great definite 
whole, in which she arranges them according to a strongly 
marked tj'pe, and surrounds and defines them with cir- 
cles of leaves. These compound flowers^ (as Linnaeus 
called them,) characterize the Grasses in the The highest 
first series, or Monocotyledons; in the second, **™^- 
or Dicotyledons^ that family to which the Daisy, Dan- 
delion, Thistle, Artichoke, and such plants belong, and 
which, on account of this peculiarity, is called ^e 
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eoTnpound'hlossomedfskmWj^ or CompoaitCB, That which 
the maidens call the flower of com when they entwine 
it in their, garlands, is, in fact, a whole company of 
small but perfect flowers. If we woald recognize a 
series, in the progress from the simplest to the most 
complex, we must evidently regard the Grasses and 
CompoaitcB as holding the highest station in existing 
vegetation. Remarkably enough, also, precisely these 
two femilies, by their number of species and individu- 
als, constitute the most peculiar characteristic compo- 
nents of the existing Flora, for, in the collective number 
of about 300 families of plants, the Grasses alone in- 
clude one twentieth, the Compositm a tenth, therefore 
both together almost one seventh of the whole number 
of species known. 

Real afflni- I DQust bc coutcnt that I havc in the pre- 
tiM of plants, ceding sketch brought forward the principal 
points which, in the present condition of our science, 
constitute the most important features of morphological 
inquiry. That countless questions aad considerations 
crowd upon us in the details, must be evident to any 
one who reflects. To those who have never been accus- 
tomed to look through the modes of external appeat- 
ance into the essential internal connection of the varia- 
tions of form, it will indeed seem paradoxical, to say 
that the globular, furrowed, fleshy Cactus, with its splen- 
did blossom, is properly nothing but a tropical Goose- 
berry-bush ; — that the Palm-like stem of the Dracamas^ 
often thirty feet high, with mighty bunches of great 
Lily-flowers, belongs to exactly the same circle of forms 
and development as our plain-looking garden Aspara- 
gus ; — that the wild Mallow, creeping over and adorn- 
ing all the banks of our country lanes, is far more 
nearly allied to the old giant-stemmed Baobab, which 
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has lived to six thousand years on the west coast of 
Africa, than to the wild Poppy growing beside it ; and 
yet all this is nndoubtedly true. Once more, coDdusioii. 
then, to return to the principle above laid down, in 
organic life it is not the appearance of the existing^ but 
the law of becoming^ which decides between like and 
unlike, similar and dissimilar ; and it is the idea of the 
course of development, which is the only fruitful thought 
in the scientific contemplation of life, and determines 
the value of the study ; therefore stands Physiological 
higher than Systematic Botany, Comparative Anatomy 
higher than Descriptive Zoology, as History is nobler 
than Statistics. 
10 
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*'Boimd euth and ooflta, 
Tempests msh and roar, 
And weare a mighty diain 
All nature o'er." 

VAUtT. 



CHAPTER V. 

The sai^ect It has long been agreed in good society, 
not tedious. jjr^^Lt to talk about the weather is not good 
ton^ that no topic can be so tiresome, and that it ought, 
therefore, to be left to sailors and bashful lovers. When 
now I enter upon a disquisition concerning the weather, 
I am quite ready to admit that this Chapter is likely 
enough to prove somewhat tedious ; but I altogether 
deny that the weather is less talked about in the best 
society than elsewhere, and must distinctly declare that 
the weather is not a tedious subject. For what is tedi- 
ous ? Seldom or never the subject, but the manner in 
which it is treated. 

Thefashions. Can anything be more interesting to ladies 
(and it may be to some gentlemen) than the fashions ? 
But a lady would think any one very tiresome who ad- 
dressed her with such a remark as, " The fashions are 
very pretty now ;" quite as tiresome, I think, as if he 
said, " The weather is very fine." It is very diflTerent, 

when in such conversation, noticing how well the chosen 
( 114 ) 
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cap or bonnet suits the head, one passes to the head- 
dresses of different nations, to those of celebrated women, 
pointing out what influence climate, necessity, and na- 
tional peculiarities have on the adoption of certain forms 
of apparel; how taste seizes on certain forms which 
have thus originated, alters them to suit its own pur- 
poses, and, in the end, caprice enters the field, and by 
its whimsical interference, calls forth the motley variety, 
which always pleases the eye, save where sated sense 
and depraved taste have produced manifest ugliness. 
The same holds &:ood of the weather, and 

" ' The weatb- 

the more that nothing actually so deeply af- er influenoM 
fects our bodily and mental life as this. ^^^"^ 
Who can say his health is absolutely sound, when he 
thinks of the complicated nature of the vital processes ? 
Need I point to the influences of the weather on those 
whose health is imperfect; how dependent all those 
affected with chronic diseases are for their comfort on 
the condition of the weather ? Every one knows the 
old proverb, " Man is his own calendar ;" the continu- 
ally annoying sensations in a diseased joint, a wound, 
or the surface of an amputated limb, even when the 
individual is otherwise perfectly healthy, indicating the 
changes occurring in the weather. The nerves stretch- 
ing out in all directions through the body, as so many 
feelers of the mind, often give us more accurate and 
earlier intelligence of the changes, than the eye which 
perceives the phenomena only after they have visibly 
commenced. And, on account of these very nerves, we 
cannot but believe that even healthy persons are always 
open to the influence of the weather. It may, indeed, 
be demanded of every man that he shall oppose these 
imperceptible operations by his will ; that he shall not 
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allow them any influence over his thonghts and labors ; 
but whoever disowns this operation of the weather upon 
him, upon the feeling of pleasure or discomfort, upon 
health and strength, or dejection, and debility, I must 
either accuse of insincerity or imperfect observation, or 
else set him down as a man of abnormally insensible 
nerves. Nay, perhaps there is a tone of mind for eveiy 
shade of alteration in the weather, which may be disco- 
vered by its influence on the nerves, on those objects 
with which it is so continually in hostile contact. 

Our ancestors knew and named a "joy-month" (May,) 
and in England, November is called " the month of fog, 
Caws of its misanthropy, and suicide." It is a fact that 
influence spe- most suicidcs happen there in this month. 
Frommond relates that when the south-wind 
blows, in the Azores, the inhabitants walk about with 
the head bent down, and even the children sit sad at 
home instead of playing in the streets. Sanctorious re- 
marked that all men feel duller in damp, cloudy weather; 
and Unzer held that both the sick and healthy are 
always better when the barometer is high. So early as 
Hippocrates, we find it noticed that damp Springs are 
followed by violent epidemic fevers, and it is believed on 
all sea-coasts, that the greatest number of persons die 
when the moon is at 90^ from its culmination, that is at 
the time of the ebb. I do not bring these matters for- 
ward in the belief that the facts themselves are all be- 
yond doubt, but merely to show how generally diffiised 
is the conviction that the well-being of man is dependent 
on the weather. When we are upon a high mountain, 
clouds, rain, and all disturbances of the weather often 
lie far below us, and so may they who move foremost 
among men, the rulers of nations and the great stand, 
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less interfered with by the changes of the weather; but 
in the lower regions, all the weal and woe of life hangs 
npon rain and sunshine. 

Let us go, for a moment, along with Le a peep with- 
Sage's Asmodeus, and peep into the interior ^ *^"" 
of the houses ; — ^here abides the loving wife ; she hastens 
joyfully to meet her husband on his return, and is sul- 
lenly repulsed; the little child runs rejoicing to his 
&ther, and, with dirty fingers, hangs to his clothes; a 
rude blow is his greeting; the man throws himself 
gloomily on his couch, and painful silence reigns in the 
chamber ; in a word, where one looks for love and joy 
ill-humor and melancholy are found, and why? The 
continued rain has ruined and washed away the hay- 
crop ; the loss amounts to many hundreds of pounds. 

And then, on a sunny autumn morning, a wife's face 
has rather an anxious expression ; when in rushes the 
husband, embraces her, and says: — "A glorious year, a 
wine of ' '11,' clear profit of 10,000 dollars; I have sold 
the whole. Rejoice with me, love ! " and then he gives 
her the long-wished-for cashmere shawl; Mends come to 
wish him joy, and, late in the night, the passers-by hear 
the sound of festivity within. It is the weather which 
here gladdens, and there troubled. 

Lastly, let us ascend to a still higher point cumate af- 
of view. The whole earth lies outspread be- feetoMUons. 
neath our feet. There we see an effeminate race ; the 
despot reveling in every pleasure, the bonze all-powerful, 
the pariah oppressed and trodden down, superstition in- 
stead of faith, mere mechanical life instead of mind. 
Here, a mighty people, proud of their power; where, as 
the. poet says, " liberty walks unhindered to the poorest 
huts, and scatters wealth over the &vored plains." 
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.... Liberty abroad 
Walks, unoonfin^di even to thy farthest oots, 
And scatters plenty with unsparing hand. 



thomsok's seasons. 



There we see a nation whose mental development and 
cnltnre surpasses all others, constantly occupied with the 
highest questions of humanity, and mostly fortunate in 
their solution, and among these reigns the mental life, 
almost forgetting the bodily and carelessly leaving the 
management of their affairs to a few; while under other 
latitudes the same race, degenerated through luxuiy, 
sunk in almost animal enjoyment of sensual delights, 
over which, as despotic lord it reigns, troubles itself not 
as to whether there is such a thing as a soul, to give it a 
higher claim to development and education. 

Let us review, in one glance, the gay Tahitans, the 
dull Fuegians, the formal Chinese, the roving Bedouins, 
the child-like Hindoos, the manly English, the ab- 
stracted Germans, the material Yankees, and we find 
that all these, and the thousand other varieties of human 
nature are fundamentally dependent on, or promoted by 
the weather. 

Ti» TOi^ect Is ^^ possible then, that Man can longer 
fuitabieforin- forgct this dependence i And this enormous 
^*'^*^°'^ power which prevails over body and mind, the 
life of the individual and the history of humanity, should 
it not be a worthy object of reflection — of conversation f 
But can we actually penetrate into this workshop of Na- 
ture, or is the object unworthy of much interest because 
we are condemned to remain always upon the surface? 
Holy Writ says : — " The wind bloweth where it listeth, 
and thou hearest the sound thereof, but canst not tell 
whence it cometh and whither it goeth I '^ 
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I cannot, alas I wholly turn aside the reproof, that we 
natoralists do not receive very much from the Bible. 

• 

But it is also quite possible, that for the very reason that 
we do not receive much, we comprehend that little which 
we do receive more clearly, more purely, and, therefore, 
more correctly than others ; but this has nothing to do 
with our subject. I must of course confess, that so far 
as questionl3 of natural science are concerned, we cannot 
look upon the Bible as any authority, and, therefore, be- 
lieve that, in that passage, it addressed itself to a very 
circumscribed condition of humanity in an ignorant and 
uneducated century. We believe now, most certainly^ 
that we know whence the wind comes and whither it goes. 

It is next requisite that we should state The rai^eot 
more definitely what we understand by *«*»•*• 
Weather. The chief point I have already mentioned. 
In our regions it is the wind which, changing according 
to its various directions, brings us clouds and sunshine, 
warmth and oold, rain and snow, calm and storm, and 
through all these, impresses upon the general character 
of the season the individual peculiarities which we call 
weather. All these different phenomena, and, above all, 
the wind, are merely alterations, various conditions of 
combination, rest and motion of the subtile matters which 
surround us, and which we name the atmosphere. 

When, in the clear night, we go out and The atmo. 
look upward at the stars, our eyes perceive no ^^®"- 
boundary between us and those celestial fires. We, in- 
deed, fancy that an invisible something surrounding us, 
must extend uninterruptedly to those shining worlds, the 
light of which appears to stream so unobstructedly upon 
us. But it is not so. If/ we could ascend to them, we 
should arrive at the limit of the atmosphere before we 
had left behind us a portion of our journey worth speak- 
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iug of. The poets well name this the aerial ocean, and 
the adventurous mortals who fly through it, aerial navi- 
gators. It surrounds our globe as a thin fluid layer and 
shares its adventures. With it, it flies through the space 
of the universe, in its course round the sun ; with it, iii 
equal velocity, it turns from west to east around its axis. 
K it did not, if it moved more slowly than the earth, we 
who are chained to its surface and revolutions should 
necessarily be pressed upon by the air; it would seem to 
come against us like a hurricane — a fact which, as will 
subsequently be shown, is of great importance in the 
theory of the wind. 

Airazpandfl I havc Called the air a fluid, and it is 
by heat. actually such. It flows from one place to 

another, and this very stream of air is what we name 
wind. But, it will be asked, where are these places into 
which it streams, for the air is evenly distributed ; con- 
sequently, universal equilibrium must prevail, as in a 
vessel of water at rest. To elucidate this, I must de- 
scribe somewhat closely one of the most important pe- 
culiarities of air. Heat, it is well known, expands the 
bodies into which it enters. An iron rod, measured at a 
red heat, is thicker and longer than when it is perfectly 
cold. The same holds good of air, it expands, and 
therefore becomes lighter, as is shown by the simplest 
kind of balloon, which, from its discoverer, is called a 
Montgolfier ; this rises when the common air within it 
is heated by means of a strong flame placed beneath its 
open extremity. The air, thus becomes lighter, rises 
through the colder air, as oil rises through water, and 
swims upon it. If cold air lies upon an oblique surface, 
the warm air flows down over the cold, like water upon 
a mountain, apparently without mixing with it, when 
the difference of temperature is great enough. 
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But since warm air is thinner than cold, «. ^ ^ 

' Windi— bow 

that is, because there is less air in an equal canted — how 
space when it is warm than when it is cold, °*"^* 
the cold air flows into that space which is warmed, and 
because it is heavier, comes to the bottom. If the door of 
a heated room is opened in very cold weather, the cold air 
flows in on the ground, and the warm air out above, as 
may easily be perceived by the motion of the flame of a 
candle held high up or low down in the door-way. In 
small things, this is the cause of the draughts so dreaded 
by the delicate female sex, and even by some delicate 
gentlemen. In greater matters, it is the cause of that 
which the mariner, according to circumstances, prays 
and whistles for, or curses — wind and storm. I shall 
indeed be answered, that we are none the wiser for this. 
For when the vernal storm bellows around the bare sum- 
mit of the Brocken, and whirls the snow up in showery 
drifts, so that the blinded wanderer, already within a 
hundred paces of the hospitable house, strays from the 
path and becomes the prey of death, — ^the question 
still remains, where here is the heated room and 
the open door ? And after all, the old saying is still 
true, that he is a wise man who always knows which 
way the wind blows. I will venture, nevertheless, 
to point out, that it is by no means so difficult a 
matter, since the said proverb assumes, that as many 
winds blow over the earth as there are points on 
the compass, while in fact, there are really only two 
winds. 

Meanwhile, before I pass to the explanation sbrmatioii 
of this seemingly strange assertion, I must o'ckwda. 
make mention of another property of the air, not less 
important in relation to the phenomena which constitute 
what we call the weather. I allude to a £Etct well known 

11 
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to every one. When a glass, quite dry, but very cold, is 
brought into a warm room, it becomes dim, as we say, 
that is, it becomes suddenly covered with minute drops 
of wat^r, and this water is so much the more abundantly 
deposited, the greater the difference between the tem- 
perature of the room and that of the glass. Whence 
comes this water ? Certainly not out of the glass, 
for this was previously dried, but out of the air of the 
room. The reason why this previously invisible, aeri- 
form water appears suddenly in the form of little visible 
drops, lies in the difference of the temperature of the air 
of the chamber in general, and that of the air cooled by 
contact with the cold glass ; and thereby is indicated 
the law, that the warmer air is, the more invisible water 
it can contain. This is the cause of the formation of 
clouds, rain, snow and similar phenomena of our 
globe. 

The ran the The cousidcratiou of these two points, the 
■ource(rfhe«t. causc of the wiud and formation of the watery 
precipitate of the atmosphere, leads us to a force upon 
which both phenomena are dependent, namely, heat. 
Seeking the gwieral source of this, we come to the sun. 
This is the mover of all upon the earth, and, in a won- 
derftdly simple manner, it maintains a constant circula- 
tion of matter, through which alone the life of organic 
existence, of plants and animals, is rendered possible. 
The Bmperor Aurelian said, that among all the gods 
which the universal ruler, Eome, had borrowed from the 
vanquished and gathered together, he had found none 
truly worthy of adoration but the sun ; end among all the 
forms of heathenism, certainly that is the most elevated 
form of worship which the Parsee offers, waiting in the 
early morning on the sea-shore, till the first rays of the 
sun dart over the shining waves, to prostrate himself 
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before them, and in silent prayer, to greet the retnm of 
the all-vivifying and all-producing. 

Man has according to his place of abode, an Heat vn- 
ever-varying share of the wanning and vivi- «i«*"y <"■** 
fying influence of the sun. It distributes 
its blessings in greatest abundance only where its rays 
fkll perpendicularly upon the earth, and this, on account 
of the position of the globular earth in relation to the 
Bun, only happens in a narrow zone on each side of the 
equator, together only forming a quarter of the length 
between the north and south poles. From this girdle, 
its action diminishes so rapidly, that at about 70 degrees 
of north and south latitude, it can only thaw the frozen 
earth to a depth of a few feet, and at 80 degrees the sur- 
£Etce is stark with unmelted ice throughout the height of 
summer. The equator itself lies beneath the vertical 
rays of the sun twice a year, at the two equinoxes ; and 
the same holds good of all the places within the equato- 
riidzone, but in such a manner, that « the periods are 
always approaching together till they &11 coincident 
under the tropics, which are only warmed by the vertical 
rays of the sun once in the year, namely, the tropic of 
Oancer at the time of our longest day, and the tropic of 
Oapricom on our shortest day. 

When the vessel on its voyage to the South The tropioai 
approaches the equator in the midst of the »*«»-a «^' 
Atlantic Ocean, anxious fear seizes the whole crew. 
Sooner or later, according to the time of year, the favor- 
ing wind which had brought them thus far, becomes 
weaker and weaker ; at first it ceases for a little while, 
and at last drops entirely. Around extends the sea, an 
endless glassy surface. The ship, hitherto speeding on- 
ward with a bird-like flight, lies bound on the crystal 
4iud« The rays of the sun, fidling perpendicularly, glow 
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through and through the narrow space in which the men 

are inclosed. The deck bums through the soles of the 

shoes. A stifling vapor fills the cabins. A fortnight 

has the ruler of the sea lain immovable in the same spot. 

The store of water is exhausted. Glowing thirst glues 

the parched tongue to the palate. Each man look« upon 

his companions in suffering with the wild, murderous 

glance of despair. 

The sun sinks below the horizon, the even- 
storm and , . J V !• 

calm aitenutt- iug skj is illumined by a peculiar coppeiy 
*"*• redness: and with the advancing night, 

arises a black wall to the eastward ; a low, shrill pipe 
resounds from the distance, from whence a streak of 
foam advances over the black ocean. The ship sways 
and rocks upon the irregular waves, but the sail still 
hangs against the mast, flapping dismally upon the 
spars. Suddenly the storm bursts over with frightful 
roar : — ^with a shriek, the sails are torn asunder and fly 
in ribbons I — a loud crack I a second, and the mainmast 
goes overboard ! By a violent effort the crew succeed 
in cutting through the remaining ropes, and the ship 
now flies over the ocean — now borne high upon the 
backs of the waves — ^now hurled down into the depths ; 
so that every seam creaks and groans as though it would 
part asunder. The thunder rolls unceasingly, continu- 
ous lightning darts through the agitated atmosphere ; 
the rain falls in streams instead of drops. Ten times 
the sailors give themselves up for lost, when the quak- 
ing barque falls into the trough of the sea, and as many 
times does it rise over the waves again. At last the 
storm lulls ; single shocks follow, always at longer in- 
tervals; the waves become smoother, and when the 
consoling sun rises in the east, it illuminates the same 
dreary picture as on the former day. Mirror-like the 
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endless surface again expands, and in eight days is the 
store of collected water exhausted ; and again the silent 
specters creep about and turn murderous looks upon 
each other. A new storm, a new calm, and so on in 
frightful alternation, till at last the ship is driven into 
the region of the peaceful trade-wind on the other side 
of the equator. Hundreds of ships have gone down in 
storms here; hundreds lost their crews by the most 
frightful of deaths, that from thirst; and those who 
have passed the fearful region of calms, turn in earnest 
worship to Heaven with thanks for their new-won life. 

In the German legends, we read of a cavern, in which 
the Dame Holle sits and brews the weather. That 
region of calms and storms, is an actual Dame Holle's 
Hole. The weather of the whole world is manufiw- 
tnred there. 

The sun, which comes twice a year to be leather of 
directly over this region, never goes far thetropfceex- 
enough away from it to allow of any cooling ; ^ 
and the atmosphere is here so much heated, that it be- 
comes thinner and lighter^ and, therefore, is always 
rushing upward in a continuous stream (courant ascen- 
dant). At the same time, an incalculable quantity of 
water is evaporated from the vast surfaces of the Atlan- 
tic and Pacific Oceans, diffusing itself through the warm 
air, and rising with it. But in proportion as the air 
rises higher from the earth, it becomes cooled, the tem- 
perature often falling many degrees quite suddenly, and 
then a large portion of the water taken up becomes sud- 
denly precipitated in the form of drops ; by this are 
caused great alterations in the electrical condition of the 
atmosphere, and thus arise those frightful storms so 
rapidly coming and going in that region, where in gene- 
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ral there is perfect absence of wind, on account of the 
continual ascent of the air. 

Origin of the Mattcrs are differently arranged at the 
Ttade-wtodfc ^q Ijordcrs of this zone. The air, which is 
continually rising because of the heat, leaves a space 
behind which contains only extremely rarefied air ; and 
into this space the cold air from north and south inces- 
santly flows with great force and constancy. This is 
one of the winds of the earth, and as it flows from the 
poles to the equator, we will call it the Polar current. 
In the northern hemisphere, it is of course a north 
wind ; in the southern, a south wind. We must bear 
in mind, however, that this current or wind is only a 
portion of the atmosphere in motion, and this is bound 
wholly to the earth and its destiny, revolving with it, as 
has already been mentioned, round the axis from west 
to east. Now, this revolution, as a glance at the globe 
shows, takes place with different velocities in different 
places. While the air at the poles only turns upon itself, 
without progressing forward, the air at the equator 
speeds on through more than 1000 miles in an hour. 
Then, if we imagine the air from the pole to be suddenly 
removed to the equator, some time must elapse before it 
could acquire the same velocity of motion from west to 
east which is possessed by the air always there ; it would 
remain behind, therefore, the earth gliding away, as it 
were, from beneath it, or in other words, it would have 
the appearance, in going from east to west, of an east 
wind. Applying this to the Polar currents, we see that 
the longer they blow, the nearer they approach the 
equator, the more must they appear as north-east and 
south-east winds. In reality, there is a region on each 
side of the region of calms and storms, in which, year 
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after year, there blows in the northern an east-north- 
east, in the southern an east-south-east, wind, which 
all sailors know by the name of the trade-winds. 

I have now only to mention that the polar 
air is heavier, colder, and drier ; that, there- the poiar oujw 
fore, in the north, north-east, and east winds, ""*• 
(they are all one wind), the barometer rises, the ther- 
mometer sinks, and the sky becomes clearer; and thus 
all the essential peculiarities of one principal wind, the 
Polar current, have been named. 

We must now inquire further about the Theequato. 
&te of the heated air, which forms the con- '^ current. 
Btantly ascending stream in the tropics. The higher it 
rises, the cooler it becomes, and consequently the hea- 
vier, so that it begins to sink ; but since the heavy, cold 
Polar current forms, as it were, a firm floor underneath, 
it flows away over this layer of air toward the poles, and 
thus forms the second great wind prevailing over the 
earth, which, from its origin, is called the Equatorial 
current. To us, it comes as a south wind ; in the south- 
em hemisphere it is, of course, the north wind. But 
just as the Polar current, in its progress toward the 
equator, becomes gradually changed into an east wind, 
from the same cause, the stream of air flowing from the 
equator to the poles, diverted in the opposite direction, 
becomes gradually a west wind. The Equa- p^perties of 
torial currents naturally possess directly oppo- the equatorial 
site peculiarities to the Polar currents, being °^"^° ' 
lighter, warmer, and moister ; they cause the fall of the 
barometer, the ascent of the thermometer, and give rise 
to the formation of clouds, rain, and snow. By these 
two streams in conjunction, a continual circulation of 
the whole atmosphere is maintained, rendering it impos- 
flible that any local influence should anywhere cause 
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a complete consumption of those substances, in the 
atmosphere, necessary to life — oxygen and nitrogen ; or 
that the noxions one, carbonic acid, should accumulate 
in excess. Thus is the existence of all living nature 
dependent on this circulation. 

At the first glance, the simple and grand 
of oonfltant fcdturcs of the fundamental laws of atmo- 
wMttier. spheric changes, as I have endeavored to 
sketch them, do not seem to agree at all with what ap- 
pears to us the capricious variation of the weather, 
which in virtue of that very character, is taken as the 
type of changeableness and inconstancy. The following 
may, perhaps, explain this apparent contradiction. The 
surface of the earth may be divided into two unequal 
portions, according to their meteorological phenomena ; 
into the region of constant weather, and the region of 
the changeable. So far as the influence of the trad^ 
winds extends on each side of the tropical region, the 
weather may be prophesied, almost to the day and hour, 
many years beforehand. The medium zone (from 2° — 
4° N. L.), is that in which nocturnal showers and 
storms alternate with excessive heat and calms, without 
interruption, throughout the whole year. On eithOT 
side, toward north and south, follows a zone (from 4° — 
10° N. L ), wherein such phenomena only occur in the 
summer ; in the winter the trade-wind causes a rain- 
less sky. Next comes a zone (from 10° — 20° N. L.) in 
which the incessant trade-winds allow no bedimming 
of the eternal blue of heaven, and often years pass, 
without one short, rapidly-passing shower moistening 
the parched earth. Finally, one more zone extends 
north and south (from 20° — 30° N. L.,) the boundaries 
of the constant weather, in which the trade- winds cause 
a rainless summer, while the winter brings a warm but 
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not quite constant rain. The approximative statement 
of the latitude relates only to the northern hemisphere 
and the Atlantic Ocean, the only place whereof we pos- 
sess sufficiently accurate observations. 

To these follow a zone about 24° broad, in ^one of 
which a constant struggle between the Polar ehangeabu 
currents with the returning Equatorial cur- 
rents, produces a most changeable climate, which ap- 
pears to us so capricious and accidental, because the cir- 
cumstances determining the prevalence of the one or 
other current in a particular locality, are so complicated, 
that we have not yet been able to deduce the law of the 
changes from the various observations. Looking some- 
what closely into the matter we find the following facts. 
According to the statements already made, there are but 
two wind-currents upon the earth, that blowing from the 
poles to the equator, and that returning to the poles. 

Let us imagine a place in the region of Th i of 
what I have called the changeable weather, change in tUf 
say in Germany, or Ohio, and let us assume ■**°"* 
that this spot lies directly in the direction of the Polar 
current. A north wind blows, the air is cold, the sky 
serene and remaining so while the wind gradually 
changes, and at last appears as a true east wind, the dry, 
highly oxygenated Polar air of which is so perilous to 
those whose lungs are afi*ected. This wind blows until 
another replaces it, and this is none other than the 
Equatorial current which always begins as a south wind, 
and the meeting of this with the east produces the 
south-east wind, having an intermediate direction; in 
this the moist, warm air of the Equatorial current is 
cooled down by the cold Polar current, and constrained 
to deposit part of the water it contains in the form of 
clouds, snow, or rain. Gradually the Equatorial current 
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acquires the mastery ; in the sonth wind it becomes 
warm and bright and so remains till the Equatorial cur- 
rent gradually diverges round to the west. The northern 
Polar current alone can take its place at a change, and 
the mixture of this with the moist air in the north-west 
wind, again gives rise to abundant atmospheric precipi- 
tation. These are the cold, damp days in which those 
persons suffer so much who l;iave nervous complaints. 

Thus it goes on, in the same order, which is now first 
scientifically enounced fix)m the long known facts, in 
that which Dove has named the law of the circulation 
of the wind, and we can now prophesy the weather with 
great certainty even in these regions, only not for 
defined periods of time, since we are ignorant of the 
circumstances regulating the duration of one or other 
current in their strifes in the southeast or north-west 
quadrants. 

Here man's ^^ ^^ remarkable enough, that this change- 
highest deve- able zouc, which might be imagined to be the 
lopment j^^^ favorablc to the development of the hu- 
man race, includes almost all middle Asia, the northern 
coast of Africa, Europe, and North America, conse- 
quently the whole arena in which the history of huma- 
nity and its spiritual unfolding is acted out. Perhaps 
this phenomenon may be connected with the fact that in 
this region such a peculiar influence is exerted on the 
development of the vegetable world, that without the 
aid of human activity, it cannot produce a suflScient 
amount of nourishment for any considerable number of 
men ; and thus, even for the satisfaction of the first and 
most pressing necessity, calls upon man for mental 
effort. Beyond this region, in the neighborhood of the 
poles, the climate appears again subject to simpler laws ; 
but from causes easily conceived, we are still in want of 
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sufficient observations in those places, to enable ns to 
speak of them with certainty. 

Having thns, on the one hand, roughly windsmodi- 
sketched ont the distribution of the weather ««> ^ «*rth*ii 
on the earth, and found the simple laws which 
cause its variations, we must not, on the other side, for- 
get tl^at this regular distribution would only hold good 
for an earth, the surface of which was everywhere uni- 
form, which was either wholly covered with water, or 
clothed with a smooth, even layer of earth. But this is 
not the case here ; and the distinctions between sea and 
land, plain and mountain, bare sandy deserts and 
densely-wooded tracts, etc., cause so many interruptions 
in the action of those simple laws, that it was long 
before the simple basis was perceived through the compli- 
cated conditions which had been enumerated. Alex- 
ander von Humboldt it was, who thus became the disco- 
verer of scientific Meteorology, and Dove he who, with 
eminent talent, first developed the system on all its 
sides. 

The peculiar distribution of land and water The hottest 
upon the globe, is one of the most important «>n*-where. 
influences which essentially modify the simple regularity 
of the distribution of the weather. Land, when exposed 
to the T&jB of the sun, becomes warm much more ra- 
pidly, and acquires a far higher temperature than water, 
which, however, once warmed, for the same reason cools 
the more slowly. The immediate consequence of this is, 
that the hottest zone, the region of the calms, is not di- 
vided into two equal parts by the equator, but on account 
of the greater quantity of land in the northern half, lies 
wholly on this side. This projection toward the north 
is most striking in the Indian Ocean, where the north- 
east trade-wind blows in winter, but in summer is wholly 
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supplanted and replaced by the overpowering south-east 
trade- wind. But on account of the revolution of the 
earth, this must deviate to the west so soon as it passes 
the equator, and thus the two trade-winds are here 
formed, the north-east and south-west winds, regularly 
alternating every six months, which are called by sailors 
the monsoons. y 

Europe's To the Europcans, however, it is a fact of 
mild climate, greater importance and interest, that by the 
great Sahara so intensely heated by the sun, the region 
of calms, and therefore that of the Polar current or trade- 
wind, is pushed farther northward into the south of Eu- 
rope; so that the returning, warm Equatorial current 
does not reach the ground nearly so far south as is the 
case in Asia and America ; or when it descends early, as 
the SirocGO in Italy, or as the Fohn in Switzerland, it is 
much hotter than elsewhere. It is principally on this 
account, that Europe has a mild climate so much farther 
toward the pole, than any other place in the same lati- 
tude. While Rye is still cultivated in Ranenfiord in 
Norway, the same latitude of North America is 
bound in snow and ice almost throughout the whole 
summer. 

While Wheat yet grows at Drontheim, at Hudson's 
Bay, in the same latitude, no human settlements are pos- 
sible ; and in Siberia, under the same parallel, the soil 
is scarcely thawed two feet deep in the height of sum- 
mer. Drontheim has pretty nearly the temperature of 
Canada, which lies further south than Paris. In New 
York, which is in the same latitude with Naples, the 
trees begin to blossom at the same time as in Upsala. 
Spitzbergen has a kind of short summer, while, on a 
warm summer's day in Melville's Island, three degrees 
more south the thermometer is at Zero of Fahrenheit. 
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The circumstance in question, however, is influence of 
not the only one which Europe has to thank o««»«an«ntfc 
for this pre-emi«ence. There is yet another force, which 
takes, and by no means an inconsiderable, part in the 
distribution of heat, and therefore, of the weather, on 
the globe. I allude to the currents of water in the great 
Oceans. The elevation of the temperature by the equa- 
torial sun, produces exactly similar phenomena here to 
those in the aerial ocean ; here two Polar currents are 
caused, which carry the cold water to the line, and re- 
turning Equatorial currents, which bring back the warmer 
water to the poles. These currents, inclosed in beds of 
firm land, hindered or assisted in their course by subma- 
rine mountain-chains, are naturally much more diverted 
irom the regularity which they should follow from the 
producing principle, than the unfettered air-currents, 
which often rush over the summits of the highest moun- 
tains. One of these returning Equatorial currents, the 
water of which is, as it were, heated in a kettle in the 
Gulf of Mexico, flows in a north-easterly direction 
straight to the west coast of Europe, and brings hither 
the warmth which it has acquired on the coast of Tam- 
pico and Vera Cruz. This is the Gulf-stream, which 
carries vessels with the speed of more than six miles an 
hour from the rock-bound Cape Eatteras to the stormy 
Bay of Biscay, and drifts the products of the West 
India Islands even to the coast of Ireland. 

Another consequence of the unequal warm- Land and 
ing of. land and sea, is a phenomenon which «»^"«««^ 
all coasts exhibit, namely, during the day a strong breeze 
blows from the cooler sea to the heated land, a " land- 
wind;" in the evening, in the so-called "sea- wind;" a 
current arises from the rapidly cooling land toward the 
Bea, which retains the heat longer. In the evening the 
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mariner leaves the safe harbor, those departing find con* 
gelation in the arms of sleep ; in the morning the sailor 
steers for port, and he whose home again greets him 
after a lengthened absence, sees it in the glance of the 
rising sxm. 

It would lead me too &r here, were I to attempt to nn • 
fold all the circumstances which act in concert, to im 
press upon the simple regular progress of meteorological 
phenomena, the countless minor deviations which give 
the local character to the climate of every spot. But I 
must mention, if I cannot thoroughly explain, one other 
of the most important phenomena connected with the 
regulation of the weather. 

EffeetooTflie ^® hsLYQ sccu that heat and its varied dis- 
weather on tributiou accordiug to latitude and longitude, 
plants. height and depth, is the peculiar fundamental 

phenomenon, around which the others group themselves, 
upon which they are dependent. Most intimately is the 
degree of moisture of the air connected with it, and 
warmth and moisture are the primary conditions of all 
vegetable life. On those two principal forces, therefore, 
hangs almost entirely the distribution of plants over the 
earth. The animal world follows the plants, since the 
vegetable feeders are directly, the Camivora indirectly 
connected with determinate formations of plants. So 
that heat and cold are not the only consequences of the 
position of the sun in regard to the earth, but also the 
whole life existent thereon : the action of its mightiest 
forces in the raging hurricane, which hurls four-and- 
twenty pounders through the air,* to the invisible labor 
of the most minute Infusorium ; the roar of the Chilian 
Pine, and the low whisper of the northern Birch, from 



♦ Eeport of General Bftndrand on the hnrricane at Gnadalonpe, on tke 
86th of July, 1826. 
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the roar of the lion, the slayer of the gazelle, even to the 
pipe of the monse-hnnting screech owl, whose discordant 
note the awakened sleeper's superstition interprets as 
'^ kom/m, mit^ komm mif^ (come with me). 

The fox and tiger point to the barn-door mbcIb or 
fowl and the giraflFe, these to Barley fields and ^^^j^ ^^ 
Acacia groves, these again to the correspond- 
ing zones of Europe and to the glowing savannas of 
Africa. On the sun depend not only vitality and mo- 
tion, but also the first arrangement, and its shining rays 
are the pencils with which it paints the light and shade, 
the glowing yellow of the arid sand, the cool green of the 
moist meadow, with which it lays down the geography 
of plants and animals upon the surface of the earth, and 
even sketches the design of an ethnographic chart of the 
human race. 

And when we look beneath into the in- ^^ ^ 

temal connection — ^when we perceive that all Geographiaj 
the elements prevailing over the rest, perhaps ^^^^"^ 
nowhere appear so irregular and abnormal as in our 
Europe, while a part of the tropical regions intelligibly 
expresses every fundamental law, when we thus find the 
thing which causes the progress of all studies, the un- 
derstanding of Nature, is scarcely possible except in for- 
eign regions, we gain the explanation of another pheno- 
menon in the history of Mankind, which at first appears 
enigmatical and inexplicable, namely, the fact that in 
every study having the most remote connection with 
Natural Science, and particularly in this itself, all pro- 
gress is most intimately dependent on the extension of 
our geographical knowledge, that the Naturalist though 
constantly encompassed by one Nature, knows no higher 
enjoyment than travel, that he often even with mistaken 
contempt for that which his own neighborhood affords, 



186 ABOUT THE WEATHER. 

grasps at exotic treasures, that hot-houses and herbaria 
have become indispensable to the Botanist, and Zoological 
gardens and collections to the Zoologist. 

Conclusion. Had I wishcd to give a more adequate re- 
presentation, I could but trace out a hasty sketch of the 
great picture teeming with life ; let me hope that I have 
succeeded at least in making out the principal features 
with sufficient clearness and distinctness. In any case, I 
have so managed matters, that if the question be asked, 
" Was it interesting? " the answer will be, with a shrug, 
"Well now, he talked of nothing but the Weather." 



WHAT DOES MAN LIVE UPON? 



EEBSI BSPLT, UPOK AIR. 



**Tb» Ibol, indeed, naught earthly eats nor diinkB." 

rAVvr, 



CHAPTER VI. 



When we ask the student why he broods The grud 
over the most abstract problems in his soli- "»o**^«' 
tary chamber, far from all the enjoyments of life — ^the 
soldier why he has allowed himself to be subjected to 
the toil and dust of the hard recruit school — the bustling 
merchant, to what purpose he early and late strives to 
equalize demand and supply over the earth by his ac- 
tivity — ^nay, even when we inquire of the criminal the 
cause which led him boldly to dare a shameful death, 
we receive one answer from all, which though clothed 
in the particular language of each, is ever essentially 
the same : " What can we do i we cannot help it ; a 
man cannot live upon air." This answer appears to 
every one to afford an explanation ; and even the stem 
judge is so convinced of the validity of this plea, that 
he allows hunger to be a good ground for showing mercy 
in certain cases. 

12 • (13^) 
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Man Urea But then comesthe Naturalist, an impracti- 
uponair. cable kind of man, who will recognize no 
authority, and who believes in nothing but what he can 
grasp in his hand, and says, " You foolish people, 
man can very well live upon air ; nay, in point of fact, 
he does live on air alone, and nothing else whatever." 
This seems a very presumptuous speech to the Theolo- 
gian ; he reminds us angrily ; " Man, bethink thyself 
of thine end ; from dust thou camest, and to dust must 
again return." " What nonsense !" cries the Naturalist 
with a laugh ; '^ that were a stmnge metamorphosis of 
matter I Out of air we were created, and at our disso- 
lution we shall return unto it." This vexes the moralist, 
and he thinks that the reproachful term of " windy 
boaster" is once more to be proposed as the general title 
of honor of mankind. The Naturalist now pauses. At 
bottom it is by no means his wish to affi*ont all these 
good gentlemen. However, the paradox has been ut- 
tered, and he must see how he can make it good. 

The food of What do men really live upon ? The an- 
BMn TariouB. gwers wiU be various enough. The Gaucho 
who in the wide Pampas of Buenos Ayres, managing 
his half- wild horse with incredible dexterity, throws the 
lasso or bolas to catch the Ostrich, the Guanaco, or the 
Wild-bull, consumes daily from ten to twelve pounds of 
meat, and regards it as a high feast-day, when in any 
hacienda he gains a variety in the shape of a morsel of 
pumpkin. The word bread does not exist in his vocabu- 
lary. The Irishman, on the other hand, regales himself 
in careless mirth on his " potatoes and point," after a 
day of painful labor — ^he who cannot help making a joke 
even of the name he gives to his scanty meal. Meat is 
a strange id^ to him, and he is happy indeed, if four 
times a year he can add a herring to season the mealy 
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tubers. The hunter of the Prairies lays low the Bnfialo 
with sure bullet; and ita^ j^cy, fitt-streaked hump, 
roasted between two hot stones^ is to him the greatestof 
delicacies. Meanwhile, the indnstrions Chinese carries 
to market lus carefully fattened Bats, delicately arranged 
upon white sticks, certain to find a good customer among 
the epicures of Pekin ; and in his hot, smoky hut, fiist 
buried beneath the snow and ice, the Greenlaoder con- 
sumes his fat which he has just carved, rejoicing 
over the costly prize, from a stranded Whale. Here 
the black slave sucks the Sugar-cane and eats his Banana, 
there the African merchant fills his wallet with sweet 
Dates, his sole sustenance in the long desert journey ; 
and there the Siamese crams himself with a quantity of 
Bice, from which a European would shrink appidled. 
And wheresoever over the whole inhabited earth we ap- 
proach and demand hospitality, in almost every little 
spot a different kind of food is set before us, and the 
" daily bread " offered in another form. 

But, we may ask, is Man then really so ver- itietamenti 
satile a being, that he can build the visible ^^• 
house of his spirit, in the same way, out of the most 
varied materials ? Or do all those so varied kinds of 
nourishment contain one or a few similar matters, which 
peculiarly serve for the food of mankind ? The latter is 
actually the fact of the matter. 

** Four elements 
In one firm band, 
Give fonn to life, 
Build sea and land.** 

80HILLXB. 

The whole of that by which we are sur- ^is ininM 
rounded, is composed of a very few, some- ei^Mnti oc 
where about fifty -three, elementary substances, 
which have been gradually discovered by chemists. 
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Bnt among these there are four especial ones, which 
alone take an essential share in the composition of all 
that which we call organic or living existence. Nitro- 
gen and oxygen form the two most important constitu- 
ents of pure atmospheric air; oxygen and hydrogen are 
the two elements by the combination of which water is 
produced ; carbon and oxygen, by their combination in 
carbonic acid (fixed air,) render the Grotto del Cane, at 
Naples, and the vapor caverns in Pyrmont, torture 
chambers for the poor dogs ; lastly nitrogen and hydro- 
gen unite to form ammonia, the volatile alkali, a kind 
of air which streams forth in enormous quantity from 
those chimneys of subterranean fires — ^the volcanoes. 
Here we have the four elements, carbon, hydrogen, oxy- 
gen and nitrogen, which, in combination, form all those 
substances of which plants and animals are composed ; 
hydrogen, oxygen, and nitrogen, being airs or gases, 
carbon a solid substance, which in its crystalline form 
we call diamond.* 

Water. At thc samc time, too, we here mention the 

most important and most generally difiused compounds 
of these elements, namely, the usually fluid water, which, 
however, is contained in large quantity by the air, in 
the form of vapor ; also carbonic acid and ammonia, 
both of which occur as gases in the atmosphere. On 
the examination of these three compounds of these four 
elements turns the whole study of vegetable and animal 
life. 

The air. Our atmosphcrc is a mixture of about J of 
nitrogen with i oxygen, to which are added about j/jf^^ 
part of carbonic acid, and a yet undetermined quantity 
of ammonia. Since we have, through Priestley, come to 

% 

* See Dumas and Booasingaiilt, ** The Chemical and Physiological Bal- 
ance of Organio Nature.^ ISmo. , London, 1844, 
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know oxygen^ and to comprehend its importance to res- 
piration, we believe that we are able to ascertain the 
goodness of air by determining the quantity of oxygen it 
contains. A peculiar science, Eudiometiy, has thus 
originated, which chiefly concerns itself with the estima- 
tion of the relation of oxygen and nitrogen in air ; the 
methods have gradually acquired greater deamess and 
accuracy, and by these means it has been discovered, 
that even to its thousandth parts, the air, wheresoever it 
has been examined has always the same composition. 

But conclusions relating to the vital pro- ^^^^ 
cesses of plants and animals have been very oxygen and 
hastily deduced from this constant composi- ^^^ ■^• 
tion of the atmosphere. Our atmosphere, according to 
Poggendorf 's estimate, contains about 1,954,578 cubic 
geographical miles of oxygen, while the respiration of 
man and animals, together with the various processes 
of combustion, consume annually about 2i cubic miles ; 
consequently 250 cubic miles in a hundred years, or 
only nearly a ten-thousandth part. Our instruments, 
however, would not mark a diminution of so small an 
extent, even were they ever so accurately constructed, 
and carefully used for centuries. Our methods of deter- 
mining the amount of carbonic acid in the air admit of 
far greater accuracy, and a much more certain estimate 
has thus been obtained, applicable, as will subsequently 
be seen, to the same deductions. In respiration, for 
every cubic inch of oxygen he inspires, a man expires 
a cubic inch of carbonic acid, and exactly the same ex- 
change occurs in processes of combustion. According to 
this assumption, about 12,500 cubic geographical miles 
of carbonic acid have been breathed out into the air in 
the course of five thousand years, leaving out of the ques- 
tion ihe vast quantity whidh yearly streams forth out of 
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volcanoes. The carbonic acid in the air, therefore, 
should be in proportion to oxygen as 1 to 155, while in 
reality, it amounts to but one-fourth per centum. It is 
clear from this, that some process must exist by which 
the carbonic acid is extracted from the air, and brought 
into some other combination. 

oomimstkm. Qxygcu has the property of combining 
readily with other substances, especially with carbon 
and hydrogen ; a process which chemists call combus- 
tion, even though it is not always accompanied by the 
production of light, but in which a quantity of heat, 
bearing a definite proportion to the amount of oxygen 
consumed, is always liberated. Kitrogen, on the other 
hand, has but small affinity for the other substances ; it 
is scarcely combustible, but readily unites with hydro- 
gen to form ammonia. 

two ciaflseB The four elements under consideration form 
oToooipoiinds. numcrous compounds by their union one with 
another; but only two classes of these have a very deep 
importance in relation to the organic world. One of 
the classes comprehends the substances which are com- 
pounded of all four elements. This includes albumen, 
fibrine, caseine, and gelatine. All animal bodies are 
formed out of these substances, which when separated 
from them as dead matter, all pass rapidly by decompo- 
sition into water, ammonia, and carbonic acid, which 
are diffused through the air. The second class, on the 
other hand, includes the substances devoid of nitrogen, 
namely gum, sugar, starch, the liquors prepared from 
them, such as spirit, wine, beer, and, lastly, all the vari- 
ous kinds of fat."*^ All these merely pass through the 
animal body, since the carbon and hydrogen are burnt 

* IfitoheU'B " Treatise on the Adnlterationa of Eood, and the Chemiool 
flkduui to detect them," 12mo., London, 1848. 
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off by means of the oxygen leoeiyed in reBpiration, and 
are expired as carbonic acid and waler. By this slow 
bat nnint^mpted process of combustion is maintained 
the heat indispensable to life. Bat by the recent Inril- 
liant diBcoveries in chemistiy and physiology, we have 
become aware that the animal body is incapable of com- 
posing fiom their elements, or of forming from any 
other sabstance excepting caseine, the sabstances, alba- 
m^i, fibrine, etc., absolutely necessary to its develop- 
ment and support ; that the animal must indeed receive 
substances ready prepared, in order to apply them to 
its nutrition, or to convert them into gelatine for the foi>- 
mation of its bony structures. 

Albumen, fibrine, and caseine, are there- 
fore rightly named by Liebig the exclusive 
materials far nutrition; they cannot be 
xei^aced by any other substance ; when they are ^itu 
withheld, the body must necessarily die of starvation. 
But the components devoid of nitrogen must also be 
present, as it were for fuel on the hearth of organic life ; 
and these substances, which are in conmion life also 
called food, Liebig appropriately denominates materiai9 
for respiration. Comparing these requisitions, which 
the animal body makes in behalf of its maintenance, 
with the contents of plants which serve for the food of 
man and animals, we find in all plants, in all their 
organs, a certain amount of albumen dissolved in the 
juices. In the inestimable. gifts of Geres, in the seeds 
of the various kinds of grain, there always occurs more 
or less of a substance which was formerly called gluten. 
Liebig* and Mulder have pointed out that this resem- 



* 8m liebeg, *< Chemistfy and Fliy^cs in relation to Fhysiology and 
Pathology,'' 8vo., London, 1847. 
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bles a mixture of gelatine and animal fibrine. The ear* 
lier chemists discovered in the Pulses a substance, which 
firom the family in which it was found, tiie Zeguminosm, 
was called legumine. We now know, from more recent 
researches, that this is in no way different from animal 
caseine. Legumine and gluten, or caseine and fibrine, 
possibly occur in small quantity in the cells of all 
plants. 
_ The second class, the substances devoid of 

xhree classM 

of yegetabie uitrogeu, or materials for respiration, are no 
***• less widely distributed throughout, the vege- 

table world. When we review all the nutritive sub- 
stances which mankind obtains from the vegetable 
kingdom, we find three groups, the first of which is 
remarkable for the great quantity of starch contained 
in the plants composing it. To this group belong the 
Cereals and Pulses, the tuberous vegetables. Potatoes, 
Sow-breads, Mandioc, Yams, and Tara (Colocaeiaf), 
and lastly, the parenchymatous stems of the Cycadeae 
and Palms, which furnish Sago. The second group 
includes the fruits rich in sugar and gum, which owe 
their peculiar cooling properties to malic, citric, and 
tartaric acids, and their deliciou&^ flavors to the presence 
of a small quantity of an aromatic substance ; in addi- 
tion to our well-known fruits, appear especially the 
Date, the Banana, and the Bread-fruit, the Sugar-cane, 
with its juicy stem, and lastly, the saccharine and gum- 
my, fleshy roots, which constitute so large a proportion 
of our kitchen vegetables. Finally, the third class con- 
sists of the oleaginous kernels of various fruits; the 
Oocoa-nut, the nut of the Chilian Pine, the Brazil-nut, 
and the many kinds of nut or almond which in Europe 
pay their tribute, either to hunger or the satisfaction of 
the palate. 
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Neither must we here forget to enumerate intoxkatiBc 
the many beverages, which are almost all de- ^^^^'^^ 
rived from the vegetable kingdom. The European cul- 
tivates the Vine wherever the climatal conditions do not 
render it impossible. Cider, Beer, and ardent Spirits 
are widely distributed. A peculiar problem, indeed, is 
presented to the psychologist in the remarkable circum- 
stance, that wheresoever the human race is found, in 
the highest condition of civilization as in the first dawn- 
ings of culture (with the exception, perhaps, of some 
few races, almost more like animals than men,) the cus- 
tom ever exists, of transporting themselves by various 
means into a higher condition of mental activity, which 
in its excessive and evil phenomena is called drunken- 
ness. The Maguey-wine, or Pulque, of the Mexicans, 
the Palm-wine of the Chilians, the beverage prepared 
from Maize by the inhabitants of the countries of the 
Orinoco and Amazon, lastly, the Kumiss of the Tartars, 
prepared from the milk of mares, all so far resemble our 
drinks, that in all, the intoxicating principle is spirit 
produced by the fermentation of sugar or starch.* The 
action of the Cocca, the leaf of an American tree {Ery- 
throxylon coca) is altogether unknown. The greatest 
enjoyment of the Peruvian ^'muletero^^ consists in 
chewing these leaves and thereby producing a dreamy 
stupor, in which, without being drunk, but merely in a 
state of agreeable lassitude, he passes the whole day in 
inaction. The use of the Amanita mvscaria by the in- 
habitants of northern Siberia, the smoking of Opium by 
the southern Asiatics, of the Hashish, or Hemp-extract, 
by the northern and southern Africans, and lastly, the 
drink which the South Sea Islanders prepare from a 



* << TreatiBe on the Adnlteration of Food.** 
13 
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particular kind of Pepper {Piper methysticum^ are ac- 
tual narcotic poisonings, which by frequent repetition, 
very quickly cause the destruction of the physical frame. 
With all these means of increasing (and at first with 
agreeable results,) the activity of the mind, and espe^ 
cially of the imagination, by influence upon the body, 
war was very recently declared by two individuals, with, 
however, very different resxdts. One fought with mate- 
rial weapons and was vanqu^ished, namely, the Emperor 
of China ; the other gained a victory every day by the 
power of the mind ; I mean the dauntless Apostle of 
Temperance, the pious Father Mathew. 

Chinese tea. The latter has allowed, in compensfrtion for 
the renunciation he demands, another drink, which we 
have borrowed from the Chinese. "Whether this beve- 
rage. Tea, is actually a harmless substitute, it perhaps 
remains for more accurate investigations than have hith- 
erto been made to determine, and these I SEnnot pause 
to consider here. But I cannot refrain from calling at- 
tention in this place to a most interesting and as yet 
unsolved physiological problem. 

statistics of In the year 1554 a violent tumult arose in 
•offee. Constantinople; the chiefs of the priests 

attacked the Sultan and threatened him with all the 
terrors which their office placed at their command, the 
reason being the brilliant success of the first coffee- 
houses, which were in that year opened. These were 
crowded all day, while the mosques were almost de- 
serted. The Sultan relieved himself from the diffi- 
culty by the means most profitable to himself; he laid 
a heavy tax upon the coffee-houses, and thus, quieting 
the Muftis, obtained a considerable revenue; for in spite 
of tills, the use of coffee spread with wonderftil rapidity 
over Europe. In 1652, the Greek, Pasqua, opened the 



FIRST REPLY. 147 

first London cofiee-honso in George Yard, Lombard 
Street, (according to McOulloch, in St. Michael's Alley, 
Comhill, in the {dace where the Virginia coffee-house 
lately stood;) and in 1671, the first in Marseilles was 
established. The present production is probably about 
260,000 tons, while a hundred years ago, it scarcely ex- 
ceeded 6,000. In 1820, A. von Humboldt estimated 
the consumption in Europe at 76,000 tons, valued at 
£4,600,000 ; while the value of the present consump- 
tion of 126,000 tons, does not perhaps reach £3,700,000. 
Whence came this custom of drinking coffee ? Who 
discovered the precious substance ? We know not. We 
find the most trustworthy account in the work of the 
Scheikh Abd-Alkader-Ebn-Mohammed, dated in the 
year 1666, which has been published by Sylvestre de 
Sacy in his " Chrestomathie Arabe," and which bears 
the title of: " The Prop of Lanocence, in reference to 
the lawfulness of Coffee." 

According to this account, the very learned Bastorr of 
and pious Scheikh Djemal-eddin-Ebn-Abou- «>»»driiikiiif. 
Alfaggar introduced the drinking of Coffee in the begin- 
ning of the fifteenth century, into Aden, the city which 
has in recent times acquired such great political impor- 
tance, and from thence it soon spread to Mecca and Me- 
dina. He himself became acquainted' with this beverage 
in Abyssinia, where it had been known from time im- 
memorial. The common notion, therefore, that Coffee 
was originally indigenous in Arabia, is altogether incor- 
rect. At that time, a decoction of the roasted shells 
was often drunk as that of what from the Arabian word 
Bounn are called the Beans. The beverage was in 
both cases called Kahwa. Wise men, like for instance, 
Tad-jeddin-Ebn-Jacoub, even at that time, reconmiended 
cold water to be drunk wiA the Ooffee, to prevent the 
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sleeplessness resulting from its use. But this was in 
direct opposition to the cause of the introduction of Cof- 
fee. It was used by those who wished to keep them- 
selves awake during the holy nights of prayer. The 
Coffee was originally drawn from a large brown vessel 
into small cups, which were handed round, more particu- 
larly during religious services, and this affords a ready 
explanation of why this beverage inmiediately became, 
to some of the orthodox Mahometans an object of enmity, 
and above all, a subject for exceedingly learned theo- 
logicai researches. The opposers of Coffee went even so 
far as to affirm that the countenances of those who drank 
Coffee, would, on the day of resurrection, appear blacker 
than the coffee-grounds. Since, however, according to 
the Koran, women do not enter Paradise, they may 
indulge without fear in the enjoyment of their favorite 
beverage. 

According to the other accounts published cafia cwnk. 
by Abd-Alkader-Ebn-Mohanimed, it appears also that 
the custom of Coffee-drinking goes back beyond the 
time of historical record in Abyssinia, and that in Arabia 
even, Coffee only supplanted a drink of similar proper- 
ties, the Cafta, made from the leaves of the Cat, (Celas- 
tncs edulis^ Forsk.,) the use of which they also inherited 
from their ancestors, without any account of its origin. 

Chocolate. Whcu the Spaniards first landed in Mexico, 
they became acquainted with a native beverage, which 
had been used from time immemorial, called by the na- 
tives Chocollatl^ and prepared from the seeds of a tree, 
which they named Cacahoaquahuitl^ (Cacao-tree.) 
"Wherever the Spanish dominion has subsequently ex- 
tended to, there also has the use of Chocolflrt;e reached, 
and the rest of Europe has asserted an abundant claim 
to a share in this new beverage. 
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In the commencement of the seventeenth „ . - 

uutoxy or 

century, a quantity of carefully-packed dried the chineM 
green leaves, were presented to a Russian Em- *^ 
bassy in China, in return for their gifts of splendid sable 
furs, and even forced upon them in spite of their protesta- 
tions against such useless wares. But when they brought 
the same to Moscow, and had them prepared according 
to the directions, the Tea, for such it was, found equally 
great approval. Almost at the same time, the Dutch 
East India Company attempted to sell to the Chinese, 
Sage, which at that time wjas used as Tea is now, and 
they obtained in exchange Chinese tea. In 1664, the 
English East India Company considered that they made 
a brilliant present to the Queen of England, in the shape 
of two pounds of Tea. The use of tea as a beverage in 
China, goes back to the earliest periods, and the tradi- 
tions speak of it distinctly so early as the third century. 
The oldest Chinese legend reminds one strongly of the 
course of the introduction of Coffee into Arabia. It nar- 
rates: "A pious hermit, who in his watchings and 
prayers had often been overtaken by sleep, so that 
his eyelids closed, in holy wrath against the weakness 
of thojflesh, cut them off and threw them on the ground. 
But a god caused a Tea-shrub ^ spring out of them, the 
leaves of which exhibit the form of an eyelid bordered 
with lashes, and possess the gift of hindering sleep." 
At the period when the Europeans first became ac- 
quainted with it, it was already spread generally over 
the whole of south-eastern Asia, and Europe did not long 
remain behind its teachers. No less than 25,000 tons 
are anjauUy exported by sea from China ; over Kiachta 
some 5,000; to Thibet, In(Ha, etc., perhaps nearly 
15,000. In China and Japan themselves, certainly 
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200,000 tons are consumed, so that the whole produce 
is not over-estimated at 250,000 tons. 

Of tiw Paxnr With the same passion with which the Ohi- 
v»»j^^ nese takes his Tea the Brazilian and almost 
the whole population of South America rejoice in their 
Mate, or Paraguay tea, the leaves of a Brazilian Holly, 
{Ilex Paraguayensis^ which is sometimes confounded 
with the Camini^ the leaves of the Cassine OongonJia^ 
or with the Quarana^ a kind of Coffee, prepared from 
the seeds oi Paullinia sarbilis. The use of Mate also 
has been a custom in Brazil from time immemorial. 

Bafleetioiu. Thus have all these beverages become every- 
where necessaries of life ; everywhere is the origin of their 
use enveloped in mythical obscurity; everywhere has 
man, not led by rational considerations, by knowledge 
of the properties and action, or by comparison of 
them with abeady known nutritive substances, but, as it 
were, instinctively added them to the number of his daily 
wants. 

Analysis of Ou accouut of the importaucc of the sub- 
fiMse drinks, stance itself, and of the interest which must 
naturally have been excited by the considerations just 
alluded to, Chemistry has sought to ksow how fkr it is 
able to contribute to the explanation of these strange 
phenomena. The result has proved contrary to all ex- 
pectation, and has only still more entangled the problem. 
Oudry found in Tea a substance crystallizing in delicate 
white needles, which he called Theine, and the quantity 
of which amounted to about ^ per cent. Even earlier, in 
1820, Runge had detected in Coffee, a substance in fine 
crystals, with a silky luster, of which there was scarcely 
^ per cent. Kunge named it Caffeine. Another in- 
quirer found in Cacao, Theobromine in smaller quan- 
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tity ; then theine was shown to exist in Mate, caffeine in 
Guarana ; and finally, more accurate researches demon- 
strated that theine and ca£feine are one and the same 
substance, which is distinguished from all other known 
vegetable substances by the extraordinarily large pro- 
portion of nitrogen it contains, and that theobromine if 
not identical, is most intimately related to it. Is it not 
in the highest degree remarkable, that a proportion, 
even though only very small, of one and the same pecu- 
liar substance occurs in all these beverages, which have 
with such striking rapidity become necessaries oi life 
over the whole inhabited globe ? 

A remarkable problem, from the solution of p^ ^^^ ^ 
which we are still so far the more distant, Theine. 
that the experiments hitherto instituted by physicians 
and chemists, have as yet furnished no evidence of a spe- 
cial action resulting from the administration of quanti- 
ties of pure theine ; the substance, therefore, appears 
devoid of any striking action on the animal economy. 

I return from this digression, which, however, is not 
altogether foreign to the main question, to my peculiar 
wbject. Man requires for his nutrition three principal 
substances, rich in nitrogen, fibrine, caseine, and albu- 
men ; and these occur not only in the animal kingdom, 
but are generally distributed in the vegetable world. 
Further, for the maintenance of respiration, and there- 
fore of beat, he consumes a certain quantity of sub- 
stances devoid of nitrogen, which are afforded him both 
by the fat of animals, and, in the greatest abundance, 
by the majority and most widely distributed of the vege- 
table substances. 

We now readily comprehend some of the Hawta and 
most striking phenomena of tl^e mode of reS' j^tedf ^^ '*" 
piration of man and animals. Nations of hunters 
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and carnivorous animals, require a large quantity 
of their usually fatty nourishnient. In violent cor- 
poreal activity, they first decompose . their nitrogenous 
food into two constituents, one containing the whole of 
the nitrogen, another which contains a part of the car- 
bon and hydrogen, and the latter is applied to the pur- 
poses of respiration, since on account of the incombusti- 
bility of nitrogen, the nitrogenous substances are not 
fitted for it. Hence comes the explanation of the unquiet, 
restlessly active habits of the rapacious animals, as of 
the hunter, since only by violent eflbrts of the body can 
they decompose so much nitrogenous food, and furnish 
the necessary material for the respiratory process. The 
great quantity of nutriment which such a mode of life 
requires, is likewise explained by this, particularly as 
much more animal life is usuallv destroyed than imme- 
diately corresponds to the requirements of nutrition. 
From both causes the carnivorous animals, as well as the 
nations of hunters, require an extended area for their 
existence, and this condition always necessitates scanty 
population. 

Where the breeding of cattle is carried on, we havQ^ii 
transitional state, since Man here makes use of the do- 
mestic animals to provide himself, in addition to meat, 
with the substances devoid of nitrogen, in the constitu- 
ents of milk and the rich fat of the domestic animals, 
which is almost wholly absent in the wild kinds. 
Nationa milk- But a skillful agricultural people leads the 

I fed. most judicious life, mingling the nutriment 

exactly in the same proportions as Nature has mixed it 
for the suckling in milk. For this contains the nitroge- 
nous nourishment in the caseine, and the material for 

* respiration, in the most accurate proportions, in the but- 
ter and the sugar of milk. 
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We meet with the other extreme among the Nations rioe. 
nations which, as in the East Indian races, the *^ 
Negroes and the inhabitants of certain tracts in Europe, 
Kve wholly on rice, Bananas, potatoes, or similar veget- 
able substances, in which very little nitrogenous matter 
exists. Hence the enormous quantity which these na- 
tions are forced to take, in order to collect the necessary 
amount of actual nourishment from the mass of material 
for respiration. These nations approach those of our 
domestic animals living wholly upon vegetables and thf 
rest of the vegetable feeders, which pass the whole of 
their life in feeding and sleeping, and must necessarily 
consume a great quantity of food, because only a rela- 
tively small quantity of actual nutriment is contained in it. 

Finally, in the Polar regions in general, we Nations &t- 
find an immoderate consumption of fat inse- *^- 
parably united with the habits of life in these climates. 
This instinct also is very readily explicable from the 
foregoing considerations. Here man must produce a 
greater quantity of heat in order to live, and requires 
thereto a larger amount of combustible matter, or fuel. 
For this purpose there could scarcely be any substance 
so applicable as the fat of animals, which always con- 
sists solely of carbon and hydrogen. 

Our investigations have thus led us to recognize that 
the whole animal world lives upon the vegetable king- 
dom, either immediately by actual vegetable food, or 
mediately by the vegetable feeders collecting^ the pecu- 
liar nutritive matters for the carnivora, from the plants, 
depositing the material for respiration, which contains 
no nitrogen, in the form of fat. But we do not arrive at 
the conclusion of our inquiries here ; for now the ques- 
tion comes : What ^o plants live upon % 
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Plants feed The Tcplj to this question comprehends the 
onwhatt subject of the most lively discussion that has 
occupied science in recent times ; it includes the theory 
of the most important mode of applying his industry 
that Man has invented, namely, Agriculture. The cor- 
rect solution of this question had already been in part 
found by vegetable physiologists and chemists, in the 
middle of the last century, and has been subsequently 
nndergoing more minute development by particular indi- 
Tiduals, but was first asserted with so much liveliness 
and clearness in the present times by Liebig, that an ac- 
tive and universal strife has been stirred up, which will 
end in the general recognition of the true basis, and its 
introduction as new-found letters into the A B C of 
science. 

Plants com- In the first place we must ask, what is the 
powdofwhatr plant composed of? Disregarding for the mo- 
ment, as we did in regard to the animals, the inorganic 
constituents, the earth^and salts, the answer has been 
already given in the^oregding account of the two classes 
of substances. The body of the plant is made up of 
constituents which contain no nitrogen, namely of cellu- 
lose and vegetable jelly, which have altogether similar 
composition with the other matters, sugar, gum, and 
starch, and are only difierent from the various fatty and 
waxy substances, in that the latter contain a smaller pro- 
portion of oxygen. But beside these, the plant requires 
nitrogenous matters; not indeed to form part of its 
frame, but to give rise to those idiemical processes, 
through which the transformation of the nutrient matter 
which has been taken up, is ejffected. The inquiry into 
the nutrition of the plant includes, therefore, the inquiry 
into the sources of carbon and nitrogen ; oxygen and 
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hydrogen being sufficiently provided by water and atmo- 
spheric air. The notion which has hitherto been gene- 
rally received, is, that the plant extracts its carbon and 
nitrogen from manure, or from the humus of the soil. 

All animal and vegetable bodies, so soon Hamu« de- 
as they are dead, pass over into a state of de- »^^^' 
composition, by means of which they are dissipated, 
sooner or later, in the atmosphere, being changed into 
carbonic acid, ammonia, and water. So long as this 
process is incomplete, a residue, itself much altered, of 
a brownish or black color, remains, which at the com- 
mencement of the decomposition is called manure, and 
toward its close, humus or vegetable mould. It is a 
complex mixture of very manifold products of decompo- 
sition. Now it was argued thus : carbon and nitrogen 
are abundant in humus ; in a soil that is rich in humus 
or is well manured, plants thrive better than in one 
which is poor in humus; consequently, humus is the 
source of the carbon and nitrogen of plants. But this 
reasoning is altogether inconclusive. 

There was a period of our aarth's existence ^^^'^ «*^ 
when yet no vegetation clothed its solid crust,, in which 
no animal lived, in which no humus could possibly be 
present. From this soil, devoid of humus, graduaUy 
developed vegetation, in such vast quantity, in such 
gigantic luxuriance, that the same, buried and preserved 
for us by subsequent revolutions, assumes a most essen- 
tial place in human economy in the present day ; I mean 
the vegetation of one of the oldest geognostic forma- 
tions — the coal period. The annual consumption of coai 
in Europe amounts to more than 33,875,000 ^ns, and 
geognosy shows that, even if the consumption of coal 
should increase, the store will certainly last for five hun- 
dred years longer. Sach a store, corresponds to about 

V 
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12,025,000,000 tons of carbon, which these plants evi' 
de^itly could not have acquired from the soil of the an- 
cient world, in which no humus existed. That unsound 
argument does, in fact, silently pre-suppose the follow- 
ing hypothesis : 

" There exists on the earth a definite quantity of or- 
ganic matter, which circulates between the vegetable 
and animal kingdoms ; the decaying animal serves as 
nutriment to the plant, and .the developed plant again 
to the animal." 

^^ Now this might certainly be the case if the 

tributes to the putrcfactivc proccss did not come between, 
**^^*^*'* through which undoubtedly at least a portion 

of the organic matter is continually being withdrawn from 
the pretended circle, and dissipated in the atmosphere 
in the shape of inorganic compounds, carbonic acid, and 
ammonia. In the course of thousands of years, the 
organic substance, which it is thus assumed was at once 
created with the earth, must have long since been used 
up. But we find exactly the contrary. Equally in the 
course of the great geognostic periods, and in the course 
of the history of the earth beginning with mankind, 
there is seen, in the former from period to period, in the 
latter from century to century, an ever-increasing full- 
ness of organic life, an incessant multiplication in the 
animal and in the vegetable world. Whence springs 
this, if there is no process by which the inorganic mat- 
ter is carried over into the circle of the organic ? On 
the other hand, we may easily imagine what enor- 
mous quantities of ammonia and carbonic acid must 
have been poured forth into the air during the thou- 
sands of years, by respiration and combustion, from the 
decomposition of so many thousand millions of animal 
and vegetable bodies, and by the continual flow from 
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the great volcanoes ; while the fact is, that ammonia 
only occurs in exceedingly small, uncertain qnantitifs, 
and carbonic acid takes a definite but exceedingly small 
share in the composition of the atmosphere. There 
must, therefore, exist a regular and invariable drain, by 
which those matters are withdrawn again from the atmo- 
sphere and re-embodied in the organic world. And 
we can demonstrate this both on a large scale and on a 
small, in portions of the world and in still smaller 
spheres.* 

In the Pampas of South America, existed, proyedby 
at the period of their occupation by the ^^ PwnpM. 
Spaniards, the same thirsty vegetation of the steppes as 
at present — excepting that the immediate vicinity of the 
towns has been altered by the running wild of the great 
Pampas Thistle and the Artichoke — the same scanty 
population, the same quantity of indigenous animals 
that now wander over its desert plains. The Spaniards 
introduced the horse and neat cattle, and these multi- 
plied in incredibly short time in such profusion, that 
Monte Viedo alone annually exports 300,000 ox hides ; 
that the military expeditions of General Kosa cost many 
hundred thousand horses, without any diminution be- 
coming observable. 

The native organic life and its quantity p^^^ ^^ 
have, therefore, since the discovery by the the Teas of 
Spaniards, not diminished, but importantly ^^"^ 
increased, and millions of pounds of carbon and nitro- 
gen, combined into organic substances, have been ex- 
ported in the trade in hides, without the land receiving 
the smallest appreciable return of organic matter. 
Where could these masses have come from, if not from 
the atmosphere ? If we leave out of view all the other 
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constituents of tea, China exports more than 300,000 
pounds of nitrogen in the half per cent., of theine, with- 
out receiving any considerable return. 

proyed by From forcsts maintained in good condition, 
flirwtwood. y^Q annually obtain about 4,000 pounds of 
dry wood per acre, which contain about 1600 pounds 
of carbon. But we do not manure the soil of the 
forests, and its supply of humus, far from being ex- 
hausted, increases considerably from year ^ year, from 
the breakage by wind, and from the fall of tlie leaf. 
The hay-maker of Switzerland and Tyrol mows his defi- 
nite amount of grass every year on the Alps, inaccessi- 
ble to cattle, and gives not back the smallest quantity 
of organic substance to the soil. Whence comes this 
hay, if not from the atmosphere? The plant requires 
carbon and nitrogen, and in South America, in the 
woods and on the wild Alps, there is no possibility of 
its acquiring these matters except from the ammonia 
and carbonic acid of the atmosphere. 

pj^^^ The northern provinces of Holland, Fries- 
ij Holland land, Grouiugeu, and Drenthe, export annu- 
ally about a million pounds of nitrogen in 
their cheese. They obtain it tlirough the cows from 
their meadows, which receive no manure but that fi^m 
the cattle grazing thereon. The meadows receive no 
return by this, since all that the cows produce comes itself 
from the meadows. Whence then these enormous quan- 
tities of nitrogen ? Perhaps Vesuvius or Etna, or the 
great fire-abysses of the Cordilleras pour forth this 
abundance of carbonate of ammonia, which is carried 
by currents of air to the plants of the Dutch meadows, 
and then, through the cows, becomes as caseine, an ob- 
ject of trade and of delight to the palate. 
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These and innumerable similar facts, ^^^ 

taken together, give us a very safe conclu- by an expert- 
sion, which has finally been placed beyond "**'*' 
doubt by the experiments of Boussingault, the most ex- 
tensive and almost the only really scientific researches 
which have been instituted in agricultural inquiries. 
Boussingault devoted, on his estate at Bechelbronn, in 
Alsace, four hectares of land (nearly five acres) to expe- 
riments which were pursued with undeviating accuracy 
for many years. The length of time and the extent of 
the area, remove all those objections which may readily 
be made to experiments on a small scale. Boussingault 
allowed those four hectares to be cultivated in the usual 
Alsatian manner during twenty-one years of the inquiry. 
But the manure, which was used was carefully weighed, 
as well as all that which was each year harvested, and 
the quantity of carbon, oxygen, hydrogen, nitrogen, and 
ash of both, were always accurately ascertained by 
chemical examination. The result of these experiments 
was that, on an average, the annual harvest gained from 
the soil, twice as much nitrogen, three times as much car- 
bon and hydrogen, and four times as muQh oxygen, as 
had been given to it in manure — presupposing here that 
the whole contents of the manure enter the plants, 
which is in reality not the case. 

Since then carbonic acid, ammonia, and water fo^n 
the food of plants, and we find that these matters never 
can be so combined as not to contain far more oxygen 
than the substances occurring in plants, freeoxygen gas 
must necessarily be set free in the vital processes of 
vegetables. 

And thus, as the final result of our in- summary of 
quiry, we arrive at the following grand view n°*>***o»»- 
of the interchange of matter between the three kingdoms 
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of Nature. Decomposition and the process of respira- 
tion set free all vegetable and animal substances (dimin- 
ishing the amount of oxygen in the air), in the form of 
carbonic acid, ammonia, and water, which diffuse them- 
selves in the atmosphere. The plant takes possession 
of these substances, and forms from them, accompanied 
by an incessant increase of the oxygen of the atmo- 
sphere, compounds rich in carbon and hydrogen, but 
devoid of nitrogen, such as starch, gum, sugar, and 
the various fetty matters, and others rich in nitrogen, 
namely albumen, fibrine, and caseine. These compounds 
are for the service of the animal, which builds up its 
corporeal frame from the latter and burns the former in 
the respiratory process, for the maintenance of the neces- 
sary heat.* This theory stands now firm and immov- 
able upon the facts which have been brought forward, 
and the naturaUst is perfectly correct when he says, that 
Man, through the mediation of plants in the first in- 
stance, lives upon air. Or we may express it in this 
way : the plant cojlects the matters from the atmosphere, 
and compounds from them the food of Man. But life 
itself is but a process of combustion, of which decom- 
positidh is only the final conclusion. Through this 
combustion all the constituents return back into the air, 
and only a small quantity of ashes remain to the earth 
from which they came. But from these slow, invisible 
flames rises a new-bom Phoenix, the immortal soul, 
into regions where our Science has no longer any value. 

*^ See Dumas and Boussingault's " Organic Nature." 



WHAT DOES MAN LIVE UPON? 



SOnOND BSPLT, UFOK DUST. 



« Dost ahaUlM Mt, and sladlj, 
As does my oomin, ttie lenownedl Beipmi.* 



CHAPTER VII. 

Whbtheb the words of our motto, which the Th« notto. 
poet has placed in the mouth of the Evil Spirit, are true ; 
whether the saying of common life, as of the sacred 
poetry, that Man springs from dust, and to dust and 
ashes returns, is more than a poetic figure — only natu- 
ral science — only physiology can tell us. 

I took leave, in a former Chapter, to defend the ^rkm. 
naturalist when he asserted that Man lives on air alone, 
springs from it, and again returns into the same. De- 
composition dissolves all animal bodies into ammonia, 
carbonic acid and water, and these exhale as gas and 
watery vapor into the air. Mankind extract their food, 
mediately or immediately, wholly from the vegetable 
kingdom, and this lives essentially at the coet of the car- 
bonic acid, ammonia and water of the atmosphere. 

These views, for which we have to thank oi^ectJoMte 
the researches which the most distinguished ^^"«- 
inquirers of the last hundred years have occupied them- 
14 ( 161 ) 
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selves in following out and completing, have, in the 
present times, however, been first so expressed by Lie- 
big, as to attract universal attention. Loud cries have 
arisen against him, in very various quarters, but the rea- 
sons and objections which baTe^been made good are ex- 
ceedingly difierent in their chSacter. One part of the 
opposition was not directed against the views, such as I 
have already been permitted to detail them, but against 
the very indefensible rudeness with which Liebig depre- 
ciated sciences which were wholly strange to him, and in- 
discriminately defamed the men who opposed him, while 
at the same time he displayed the grossest ignorance 
in these studies. Another portion of the objections 
comes from the ignorant and narrow-minded heads of the 
old school of naturalists, who are devoid of no less than 
everything, but particularly of a solid acquaintance with 
physics and chemistry, which would fit them to give an 
opinion on these points. Lastly, another portion arose 
out of a misunderstanding which Liebig himself gave 
occasion to, by want of clearness of comprehension, and 
by faulty expression of his views. It was imagined, 
namely, that this theory of the interchange of matter 
through the three kingdoms of Nature, was intended for 
a theory of animal and vegetable life, and therefore it 
was thought that this theory itself might be overturned, 
by pointing out that very much remained unexplained 
and obscure, and that very many things could not be 
made to square with it. 

Liebig»8 de- But the rclatiou of that grand theory to 
fense. animal and vegetable life, is quite a diflFerent 

one. Those general outlines are in themselves firmly 
and immovably completed and established.* But in 

* See Liebig) ^^ Chemistry and Physics in Belation to Physiology and 
Pathology ," 8yo., London)1847. 
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regard to the vegetable and animal kingdoms, they only 
afford us guiding maxims, in accordance with which we 
are to attempt the more exact delineation of the picture; 
according to which we have to discriminate as to the ad- 
mission of hypotheses in individual cases ; and it may 
be, that we have yet long to seek before we shall dis- 
cover all the separate links, which shall perfectly com- 
plete the chain. The theory of the interchange of matter 
tells us only in general terms, what goes on between 
plants and animals, animals and atmosphere, atmo- 
sphere and plants, but says not what processes occur in 
the plant, in the animal, but it indeed restrains our 
further investigations so far, that we must henceforth 
reject every illustrative experiment as false, which con- 
tradicts that theory of the interchange. All experiments 
for instanoe, for the purpose of deducing the nutrition 
of plants &om the organic constituents of the soil, are at 
once rendered vain, because we know certainly from 
that theory, that we can never account even for the 
fourth part of the plants growing upon the soil, from the 
whole of the organic matter contained in it. 

But an objection here starts up, quite inde- j^^ ^^^ 
pendently, which appears very unfavorable to ^^° ■**'**• 
the whole theory. We must undoubtedly see that cultiva- 
ted plants thrive better in soils rich in humus or well man- 
ured fields, than in those not manured. K then the 
plant draws carbonic acid, ammonia and water from the 
air, if this is its only source of food, what is the use of 
the manure i Why must we use it, if we would not re- 
nounce that flourishing condition of the plants under 
culture ! This question can only be met by two answers, 
one derived from physics, the other from chemistry ; the 
one explaining the action of humus in general, the other the 
especial necessity for, and advantage of^ the use of manure. 
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Carbonic acid, ammonia and watery vapor 
■orbed 17 are certainly the food of plants, bnt the qaes- 
'^^'^ tion is, by what organs do they absorb these 

matters i In regard to water, there is no doubt it must 
be wholly, or up to 99 per cent, absorbed by the roots. 
From the experiments of the Englishman, Hales, and 
"" the German, Schubler, it seems to follow that plants 
consume a much greater quantity of water than &Ils in 
the shape of rain. A sunflower consumes daily 22 
ounces of water ; consequently, if every plant occupies 
four square feet of the soil, the plants of one acre would 
require 1,826,706 lbs. in the four summer months. But 
the ground between them is overgrown with grass and 
weeds, and these consume water, which may again be 
^timated at about the same quantity. Therefore, an 
acre of land planted with sunflowers, would require 
altogether more than three million pounds of water. 

By similar calculations it is found, that an acre planted 
with cabbages, requires more than five million pounds 
of water ; an orchard stocked with dwarf apple-trees, an 
equal quantity ; and an acre planted with hops, as much 
as six or seven millions of pounds. 

Whence "^"^^ experiments upon which these calcula- 
thif wftierob- tious are fouudcd, were made in England, 
*^*^' where, during the summer months, at most 
not more than 2,325,000 lbs. of rain fall on an acre of 
land. But it would be a great error to suppose that all 
this rain-water is available to the plant. A large por- 
tion is diffused by evaporation through the air, and a 
yet greater portion runs away, and is carried to the sea 
by springs, brooks and rivers. We do not at present 
possess any measurements and calculations suflSciently 
accurate to enable us to determine this latter quantity. 
It is, however, veiy remarkable, that as in the course of 
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oentories the methods of determinatioii have been grad- 
oally developed and improved, and the observations be- 
come more accurate, it has tamed out that these quanti- 
ties of water were formerly estimated at much below the 
real amount. The older natural philosoj^hers assumed 
that one-sixth of the water falling as rain was carried 
away by rivers to the sea. The much more accurate 
estimates of Dausse for the Seine, and Dalton for the 
Thames, show that we may at least assume one-third. 
Still more exact are the statements of Berghaus with 
r^ard to the lower part of the Rhine's course, and fiM;u- 
der's for the Upper Rhine ; according to which, in the 
former case three-fourths and in the latter four-fifths of 
all rain snow and dew, runs away through the Rhine. 
Lastly, the facts respecting the Wesser, published by 
Berghaus, and going very much into detail, are such, that 
it becomes almost probable that this river carries away 
even more water than atmospheric precipitation can fur- 
nish ; therefore, that some other natural process must sup- 
ply it with water. However, if we assume that altogether 
only half the rain-water flows away, we yet see how im- 
probable it is that the remaining 1,162,500 lbs. of water, 
putting evaporation out of the question, can cover the 
necessities of the plants, which amount to from three to 
six millions. 

The watery vapor of the atmosphere must, PropMtkfof 
therefore, be brought to the plant in some *^« !»«««•• 
other way, and this happens through the property of ab- 
sorbing the moisture of the atmosphere, which is pos- 
sessed by most of the constituents of the soil. ISTo 
substance possesses this property in so high a degree as 
the humus, originating out of the gradual decomposition 
of organic matters. The humus is also remarkably dis- 
tinguished for its special power of extracting, and, as it 
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were, collecting the carbonic acid and ammoniacal gas 
of the air ; no solid substance of the soil equals it in this 
particular, and water itself only i*anks second after it. 
Humus consequently contains, under all circumstances, 
water impregnated with carbonic acid and ammonia, and 
in proportion as this is withdrawn from it by the roots 
of the plants, the loss is replaced out of the atmosphere. 
This is certainly the principal road by which water is 
conveyed into the plant, most probably the most essen- 
tial canal through which it is fed with ammonia, and 
there is no doubt that at least a great portion of the car- 
bonic acid is thus brought to it. 

The iMn I-ook at a recently exposed surface of a 
roek— how block of granite, for instance, on the summit 
of the Brocken ; there we find that vegetation 
is soon developed, in the form of a little delicate plant, 
which requires the microscope for its recognition ; and 
this is nourished by the small quantity of atmospheric 
water impregnated with carbonic acid and ammonia. 
This, the so-called Violet-stone, a scarlet, pulverulent 
coating over the bare stone, which on account of the 
peculiar smell of violets which it emits when rubbed, 
has become a curiosity, industriously sought by the 
thoughtful wanderer on the Brocken. By the gradual 
decay and decomposition of this little plant, a very thin 
layer of humus is by degrees produced, which now suf- 
fices to procure from the atmosphere, food suflScient for 
a couple of great blackish-brown lichens. These lichens, 
which densely clothe the heaps of earth round the shafts 
of the mines of Fahlun and Dannemora in Sweden, and 
through their gloomy color, which they impress on all 
around, make those pits and shafts look like the gloomy 
abysses of Death, have been appropriately called by the 
botanists the Stygian and Fahlun Lichens. But they 
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are no messengers of death here ; their decay prepares 
the soil for the elegant little Alpine Moss, the destruc* 
tion of which is speedily followed by the appearance of 
greener and more luxuriant mosses, until sufficient soil 
has been formed for the Whortleberry, the Juniper, and 
finally for the Pine. Thus, from an insignificant begin- 
ning, an ever -increasing coating of humus grows up over 
the naked rock, and a vegetation, continually stronger 
and more luxuriant, takes up its position, not to be nou* 
rished on that humus, which increases instead of de- 
creasing with every decaying generation, but by its 
means to be supplied with nourishment from the atmo* 
sphere. 

Boussingault, in his " Economic Rurale,"* Aaouier ». 
brings forward a still more interesting example, ""p^®- 
In his first sojourn in America, he visited a spot in the 
neighborhood of La Vega da Supia, which, during his 
stay, was converted by an earthquake into a waste sur- 
face of fragments of porphyry, whereby all vegetation 
was destroyed, and buried many fathoms deep beneath 
the rocks. When he returned to the same spot, after an 
absence of ten years, the wild and bare masses of rock 
were already clothed with a young, luxuriantly-vege- 
tating Acacia grove. And without doubt, the rock- 
islands arising by volcanic force from beneath the floods 
of the ancient ocean, at a period which lies hundred, 
thousands of years beyond the human history of our 
globe, were gradually clothed in a similar manner with 
vegetation, until, in favorable places, those masses of 
humus were at last accumulated, which serve as the lux- 
uriant substratum of the inexhaustible vegetable life of 

*'^ Snral Economy, in its relations with Chemistry, Physics and Me- 
teorology, *' by J.B. Boussingault, translated into English. Second Edition' 
8vo., London, 1846. 
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tibe primeval forests of the tropics. In this physical 
property of hnmas, and not in its chemical constituents, 
we have to seek the reason why a more loxnriant vege- 
tation thrives upon a soil rich in humus, than on one in 
which an admixture of this substance is wanting. 

Sons differ But how now? K carbonic acid, ammonia 
ki products- and watcr form the sole food of plants, if these 
matters are already present in sufficient quan- 
tity in the vast reservoir of the aerial ocean, if even 
without humus these matters may be brought to a scanty 
vegetation, if these prepare the soil for better plants by 
their decay — ^wherefore occurs, in spite of any supply of 
humus, 80 great a difference in vegetation ? Why does 
one and the same plant thrive most luxuriantly on this 
soil, while on that it is stunted, or does not develop 
at all? 

" Non omnis fert omnia tellns. 
Hie aegetes, illio yeninnt felicins nvn.*' 

visa. GSOBG. 

" Not every soil, each gratefnl gift Bnpplies, 
Here waving com — there, happier, vineyards rise." 

Looautiesof ^hc bcautiful Orchidaceous plant, the La- 
tiM Ladies', dies'-slippcr, grows over all parts of the Swiss 

^^^' Fore- Alps, where the soil is formed of the 
Alpine limestone; it accompanies the whole Swabian 
Muschelkalk, and disappears suddenly when we come to 
the sand of the Jura and Keuper formations on this side 
of the Danube. It next makes its appearance on the 
Muschelkalk of Thuringia, and comes down with that 
on the Worra as far as the neighborhood of Gottingen, 
then leaps over the Bunter-sandstone of the lower Eichs- 
feld, the granite of the upper Hartz, and again gladdens 
the eye of the wanderer on the calcareous formations 
eastward of the Brocken. It is sought in vain over all 
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the clay and sand formations of the northern German 
plains, till in the extreme North it again shows itself at 
Rngen, where the chalk rocks of Arkona and Stubben- 
kammer lift their heads. On the western coast of France 
grow various insignificant-looking shore-plants, species 
of ScUsola and ScUicomtay which the inhabitants there 
nse to obtain soda firom the ashes. When we travel from 
thence toward the east, we everywhere miss these little 
plants, even when searching most carefully, and merely 
one or other of them makes its appearance in such places 
where the soil is moistened by some salt spring. At 
last we arrive at the great Steppes of the south-east of 
Kussia, which in summer are often covered with a thick 
crust of salt, showing themselves to be the ancient bot- 
tom of some dried-up sea, and here these plants are 
found growing in the same abundance and luxuriance as 
in the west of France. On the northern coast of Ger- 
many, the little pale-red Maiden-pink grows upon the 
arid sand-dunes, and is universally distributed over the 
sandy plains of Northern Germany ; but these are suc- 
ceeded by the granite, clay-slate, and gypsum of the 
Hartz, the porphyry and iBuschelkalk of Thuringia, and 
our little pink is not'met with again till we arrive at the 
Keuper-sand plaind, on the further side of the Maine, 
surrounding the venerable city of Nuremberg. It ex- 
tends fuiit^r south, through the Palatinate, till the 
Muschelkalk of the Swabian Alps again sets a Umit to 
it; but it leaps over these and the whole Alpine region, 
and at last appears again on the sandy soils of northern 
Italy. How is it that these plants everywhere disdain 
the richest soils in their range of geographical distribu- 
tion, and are confined to perfectly determinate geognostio 
formations i Must not the lime, the salt, the sand or 
16 



170 WHAT DOES MAN LIVE UPON? 

rather the silex, have a most distinct inflnence in the 
matter ? 

Theearttiy "^"^ ^* ^^7 farther be asked: How does 
elements of it happen that one and the same soil can 
plants. bring the one plant to the highest state of 

development, while another soil is not able to sustain 
its life ? Wherefore is it, lastly, that we see the life 
and healthy condition of most of our cultivated plants 
so distinctly connected with the manuring of the soil 
with organic substances ? This question has been first 
answered in a profound and truly scientific manner by 
Liebig. How is it, he asks on the other side, that 
wheat does not flourish in soils rich in humus, in pure 
vegetable mould ? Because wheat contains a substance, 
silex, without which it cannot exist, and which it does 
not find in vegetable mould. If we bum a plant, be it 
what it may, we obtain a residue which does not be- 
come dissipated with the products of combustion — a 
variable quantity of ash. Lime, silex, soda and potash, 
common salt and a mixture of carbonate and phosphate 
of lime (called bone-earth, because it forms the incom- 
bustible portion of bones,) gypsum and some other con- 
stituents, are the substances of which the ash is usually 
composed. When we compare among themselves, the 
results of the investigation of the ashes of a large series 
of plants, we arrive at some remarkable laws. We find 
that any given plant always yields very nearly the same 
relative quantity of ash, that this ash, within certain 
very narrow limits defined by chemical principles, has 
a regular composition. We discover, lastly, that difie- 
rerit plants leave behind after combustion, ashes com- 
posed either of very different substances, or of very 
diflerent mixtures of these substances. 
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TJreasonable as it wonld be to maintain 
that Arrow-root only forms so pure a starch, menta 



in order that we may make use of it for the ■*^' 
food of our children and invalids, and that this sub- 
stance has no definite importance to the life of the plant 
itself, it would be equally preposterous to assume that 
plants only take up a perfectly definite quantity of tlie 
constituents of the ash from the soil, in otder that we 
may here and there obtain potash from them, or that 
this ash should be a troublesome residue in our stoves. 
We must rather, from the phenomenon that certain plants 
regularly take up certain inorgqinic, mineral constituents 
from the soil, be led to the opinion that these constitu- 
ents are as essential to the existence, and consequently 
to the nutrition, of the plant as those elements out of 
which it composes its organic structures. It is quite a 
matter of indifference here whether we are enabled by 
the condition of our science to point out, in every indi- 
vidual case, what import this or that particular sub- 
stance possesses in the life of the plant. It suffices that 
we know that these substances are indispensable to the 
healthy growth of certain plants. 

To many, it may appear a strange asser- The ash an 
tion, that the insignificant quantity of OBh importaiLt in- 
in a plant deserves our chief consideration in ^**' 
the study of its life. But the matter assumes quite an- 
other aspect when, acquainted with the fundamental 
principles and the course which science must and will 
take in the coming time, we now anticipate the final 
results, for the complete establishment of which we have 
perhaps to labor for another century. Thus then will 
run our aphorism : — The whole wealth and the whole 
manifoldness of terrestrial vegetation, its whole variety, 
as well when we compare zones of longitude and lati- 
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tade as wild nature with cnltiyated lands, are exdn- 
sivel J dependent on the variety of inofganic constituents 
which the plant takes up from the soil. 

p«ftt.K>u When we look to the wild vegetation of 
•ndMrtiMQU. Qur own latitudes, we find two principal 
classes of soil : -<aie a peat or bog soil, which consists 
almost wholly of humus, therefore of decomposed 
organic matter, the other of calcareous, sandy, or argil- 
laceous soils, in which the inorganic constituents prevail 
in so great a degree, that the humus, in the blackest 
soils, does not amount to more than ten per cent, at 
most, and even in the most fertile, and those clothed with 
the richest vegetation, often scarcely forms i per cent. 
And that peat or bog soil, so rich in humus, can only 
aflTord sustenance to 300 of the 5,000 flowering plants 
growing in central Europe^, and there are not perhaps 
fifty plants, therefore not oi^ per cent., of which the actual 
conditions of healthy growth are fiirnished by the bog 
soil, which would not also tjirive exceedingly well in 
other places, if the necessary moisture were afibrded 
them. Most of the plants belouging to these soils so 
rich in humus, are members of the families of the 
Kushes and Sedges, which are wholly useless, and odious 
enough to the agriculturist under the name of sour 
pasture. On the other hand, the other class nourishes 
the whole vegetation of our latitudes, in a multiplicity 
which is varied enough to our eyes, unused to the tropi* 
cal world, and we generally find the richest abundance 
on the soils which are poorest in humus but richest in 
inorganic con^ituents, on basaltic, granitic, porphyritic, 
and calcareous soils. 

Buried for- ^^ thosc difiercut plants return to us year 
^rg. after year in the same form, the circle of 

their characteristics is limited within narrow bounds, 
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and if we search through the newest geological forma- 
tions, we find the plants of the present world with 
exactly the same characters as those they now exhibit, 
inclosed in the ruins of the last revolution of the earth's 
sur&ce. For instance, all Hamburg, its harbor, and a 
broad tract toward the south -east and .t^^rth- west of the 
city, rest upon a sunken forest, which now lies buried 
from 30 to 100 feet below the surface. This forest was 
composed of Limes and Oaks, exactly like those we now 
meet with in that place; excavations for very different 
purposes have there brought to light, thousands of hazel- 
nuts, which differ in no respect from our hazel-nuts of 
the present day. Thus the wild vegetation of our lati- 
tudes has retained, during thousands of years, the same 
character which it assumed when the cHmatal conditions 
were adjusted, after the last great change upon the 
globe, in the Y^ay in which we in the present day ob- 
serve them to exist. The caf^ is quite different with the 
soils we have cultivated,, of which I will here only con- 
sider garden-land, because it exhibits the prominent pe- 
culiarities in the most striking manner. 

Our careful culture is confined to a certain relatively 
small number of vegetables, and the selection of them, 
lefb to accident in earlier times, but now not unfre- 
quently conducted with knowledge according to definite 
principles, becomes especially determined by one pri- 
mary consideration. 

Our cultivated plants collectively exhibit ytatbUeB 
characters which they do not possess in a pioduoed bj 
wild condition, but which are exactly those ^^^•^^ 
which give them value to us. The sweet, juicy Altring- 
ham Carrot, weighing from five to six pounds, is, in a 
wild condition, a dry, slender root, unfit for food ; the 
delicate, well-flavored Vienna Glass-kohl-rabi, aa large 
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as a man's fist, is a slender, woody, dry stem when wild: 
the white, soft, aromatic Cauliflower, is in its natural 
locality, in its natural habit, a thin, branched flower- 
ing stem, with little green, bitter flower-buds, and so 
with the rest. All these various properties, through 
which the plants have become such important attendants 
of human economy, have been called forth by a peculiar 
chemical process originally foreign to the plant, the^ 
necessary conditions of which lie, not in those organic ele- 
ments which are the same for all plants, and are almost 
equally distributed in all, bfit in the inorganic constituents 
present in the soil and taken up by the roots. Wherever 
the soil is ri^h in the various salts occurring most abun- 
dantly, in plants, the characters of the latter become 
altered ; varieties and monstrosities originate which 
never occur in the wild condition, where the plant always 
keeps to the soil exactly agreeing to it. Plants, however, 
exhibit very varied dispositions to the alteration of their 
peculiar nature by juch external influence. While some 
retain exactly even the most minute characteristics, un- 
der the most diverse conditions, others run readily into 
innxmierable varieties. 

While in some, the varieties exhibit very little sta- 
bility, passing readily again into the wild form, or into 
new variations, other plants produce manifold aberrant 
forms, which, after some years' culture, may be propaga- 
subflpedes. tcd with foil Certain ty by their seeds, and thus 
arise what are called sub-species. It is exactly this 
character of plants which fits them to becpme advanta- 
geous objects of cultivation ; that they readily produce 
very different and stable varieties, out of which Man 
selects those most profitable for his purposes, and 
receives them into the number of his vegetable 
subjects. 
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We have then three opposite conditions here: Three vario. 
the common soil, bog soil, and that of gardens. ^^ ®'**"- 
The first nourishes an abundance of different plants, 
which, however, remain the same, in fixed consequence, 
through thousands of years. The bog soil is extraordina- 
rily poor in vegetables ; it only brings forth the most form- 
less and useless plants. Lastly, the garden soil not only 
nourishes in luxuriance every plant that is committed to 
*it, but even continually multiplies the abundance of 
vegetable forms to infinity, to which, however, opposing 
dimate sets a limit sq soon as the favoring influence of 
culture is withdrawn. Then two other conditions pre- 
sent themselves, in contrast, to our .consideration. We 
have on the one side the common soil, possessing little 
or no organic remains, and abundance of plants ; on the 
other, the bog and garden soils, both rich to superabun- 
dance in the black constituent called hUmus, which has 
been formed by the decomposition of animal and vege- 
table organisms. And nevertheless, we find such a diffe- 
rence of influence on vegetation between the bog and the 
garden land. But this is readily explained b}^ the manner 
in which they have been formed. The peaty ^^^ ^^ 
soil originates from the decomposition of or- their cuffer- 
ganic substances in the presence of much *"**** 
water. The consequence of this is, that the water takes 
up and carries away all the soluble salts which were con- 
tained in these organisms so soon as ever they are set 
free. In the garden soil, on the contrary, all those 
soluble salts remain behind, come immediately into the 
possession of the plants, and, under a rich culture of the 
soil, accumulate in them to an extraordinary degree, 
while the organic constituents, through uninterrupted 
decomposition, are continually diminished in quantity, 
and so can never accumulate in the way they do in the 
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peat or bog soils, where the presence of water, after h 
certain time, restrains or very much retards the further 
progress of decomposition. A more striking proof of the 
correctness of the new views of the nutrition of plants 
could not easily be given, than these statements ; views 
which were almost simultaneously established and made 
known by one of the most distinguished chemists. Lie- 
big, and one of the most eminent of practical agricul- 
turalists, Boussingault. 

But I must take leave to return once more to 

Sarthy ma- .^^ 

tifiaLi of ani. the qucstiou which was first raised : ^^ What 
"'^* does Man live upon ?" We have seen that 

the nutrient fluids contained in his body, that muscles, 
skin, and the gelatine which forms the basis of bones 
are essentially produced from substances containing ni- 
trogen, which the plants furnish to him as food. But 
gelatine alone does not complete the bony structures ; 
we find in these, beside gelatine, the so-called bone- 
earth, a compound of carbonate and phosphate of lime. 
This it is to which the bone owes its solidity, its hard- 
ness, through which alone it is fitted to become the founda- 
tion and support of the whole body ; we know that when 
this bone-earth is not present in suflScient quantity, a 
dreadful disease, the rickets, ensues. Whence does man 
obtain this no less essential constituent of his fi-ame? 
We know, moreover, that all the fluids of the body con- 
tain definite amounts of certain salts, that without these 
they cannot execute the functions to which they are ap- 
pointed. Of these substances also must we render an 
account, if we would explain the nutrition of the animal 
body. Of the inorganic, as of the nitrogenous portions 
of the frame, a certain quantity undergoes continual de- 
composition through the activity of the body, is excreted, 
and therefore must be renewed. We here involuntarily 
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think of the earth-eating Ottomacs, of the Negroes swal- 
lowing clay, of the countless instances of men who have 
eaten, in the pangs of hunger or from fancy, the moun- 
tain-meal, a line siliceous or calcareous earth. But we 
at once turn from these ideas when we observe they do 
not refer to any universal food, but merely to some few 
abnormal phenomena, proceeding from diseased condi- 
tions of the gastric nerves, or from necessity. 

The source from whence the animal body Bartu sap- 
draws the inorganic constituents, must be nni- pUedbypiAnts. 
versal, and we find ourselves thus directed back to 
plants. K then bone-earth and nitrogenous constituents 
build up the animal body, if we know that alkaline salts 
always accompany the bile, which, according to Liebig's 
view, plays an important part in the process of respira- 
tion and combustion, through which the animal heat is 
maintained, it must naturally astonish us to find, in 
plants, the nitrogenous materials for nutrition constantly 
accompanied by phosphate of lime, the materials for res- 
piration, devoid of nitrogen, constantly associated with 
alkalies. Thus has the wise care of Nature united these 
matters at once in plants, which in exactly the same de- 
t^minate combination, are afterward to be applied to the 
use of animals. 

But natural science must not stop at such Effio«7 of 
teleological considerations; and it next be- *****■• 
comes our object to demonstrate that those inorganic 
salts have a perfectly definite importance to the plant 
itself. Nay, even if we are not yet in a position to 
afford this demonstration, we must still, from the con- 
stant occurrence of determinate mineral constituents in 
determinate plants, conclude their necessity to the exist- 
ence and well-being of the plant, as Theodore de Saus- 
enre was the first to do, in his immortal ^^Beoherches 
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sur la Vegetation." Supported by these views, Liebig 
now states: That since the organic nutriment stands 
everywhere in equal abundance at the service of all 
plants, the cause of the great difference of vegetation 
cannot be sought therein, consequently, it must lie in the 
inorganic constituents, and it is essentially indifferent 
whether we convey manure to the field, or burn it first 
and strew the ashes on the soil, since its effickcy is de- 
pendent solely on the constituents of the ashes. 

Value of It is casy to see that this principle, applied 
Liebig'8 diaoo- ^Q agriculti|re, suddenly throws a new, bright 
light over all those phenomena, to explain 
which man formerly wearied himself in vain. Now, we 
can easily conceive why an irrigated meadow^can annrt- 
ally yield a large quantity of hay, without mauure, since 
the necessary quantity of salts are brought to it by the 
spring water. It becomes clear how the Peruvian may 
obtain a luxuriant harvest of Maize on the arid sand- 
drift, if but a little rill brings it the needful soluble 
earth -salts from the snowy peaks of the Andes. Hun- 
dreds of similar phenomena are at once explained by 
this ingenious idea of Liebig; but hundreds of new 
ideas also are suggested, fruitful for the completion and 
improvement, the simplification and insuring of Agri- 
culture, which will be the prize of the next following 
time ; and we now find it natural that England, where 
agriculture stood at so high a pitch, according to the 
former standard, should applaud and overwhelm with 
fetes and demonstrations of honor of all kinds, him, the 
founder of a rational, in opposition to the former purely 
empirical, culture of plants, in a manner which scarcely 
any man, and certainly no foreigner, has experienced in 
that country. 

When we examine the ashes of plants, we find in par- 
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ticular the four following constituents, giving them their 
characteristics: readily soluble alkaline salts; earths, 
especially lime and magnesia ; phosphoric acid, and silicic 
acid or silex. Sometimes one, sometimes two of these 
substances predominate in the ashes of the plant. 

According to this, Liebig divides the culti- pj^^. 

vated vegetables into : ci*«»d ^ 

1. Alkali plants ; to which belong Potatoes 
and Beets. 

2. Lime plants ; Clover, Peas, etc. 

3. Silex plants; the Grasses. 

4. Hiosphorus plants; comprehending Rye md 
Wheat. 

But beside these, plants i^ntain many other sub- 
stances, the quantity and importance of which we do 
not understand so well at present. With the pi'ogress 
of science, however, those divisions of Liebig will 
assume a much more complete form. 

All those substances are met with in the various rocks 
of the firm crust of the earth, but almost all in a per- 
fectly insoluble and sometimes crystalline condition 
therefore, altogether unavailable to the plant. Geognosy 
alone can inform us how these substances are rendered 
soluble, and how they become gradually converted into 
soil. 

If we transport ourselves, in imagination. Formation 
into a time which the grand poetic tradition of <>' **>» ^•^^'^ 
the Hebrews describes : "And the earth was 
without form and void : and darkness was upon the jQ^e 
of the deep. And the Spirit of God moved upon the 
face of the waters," we behold the earth enveloped in 
dense cloud, in great part covered with water, from 
which, forced up by volcanic power, the mountains arose, 
coming to light as molten fluids, or in a still gelatinous 
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condition, and cooling into solid, more or less crystalline 
masses — the primeval rocks. Simultaneously, through 
the same forces, the bottoms of the neighboring seas be- 
came upheaved above their glassy surfaces, and the 
stratified precipitatea of which they consisted, displayed 
themselves as the transition rocks. Then came the de- 
composing influence of the atmosphere into action. Into 
the flaws and cracks which the cooling process had caused 
in the hard rocks, the water of the atmosphere pene- 
trated. Expanded by frost, it split off the superficial 
layers, and the detached blocks rolled down the 
mountain-sides. This process was repeated upon these 
blocks until they and their successors at last crumbled 
into dust, which was in part washed over the level land 
by torrents of rain, in part carried by the mighty rivers 
to the sea, where it was again precipitated into layers, 
which, thrust up as before in subsequent periods by the 
ever actively ascending molten masses, now presents 
itself to us as^the secondary and tertiary strata and dilu- 
vium. The larger masses scattered over the solid land 
were washed into heaps by the fearful torrents of rain, 
and all the naked rocks underwent, beside the mere me- 
chanical destruction by which they were reduced into 
small fragments and dust, unceasing corrosion by che- 
mical decomposition, whereby wholly new compounds 
were formed, which were washed together by rain and 
by the lesser streams, to form what we know as 
alluvium. 

The birth of Thus was the naked crust of our planet 
organic nature, formed. But formativc processes, of which 
we neither have nor can have any conception now, were 
in action from the very first ; where the oceanic deposits 
lifted themselves, as transition rocks, into the air, vege- 
table germs originated, which found their sustenance in 
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earbonic acid, ammonia and water, and the products of 
the atmospheric corrosion of the rocks. A world of or- 
ganisms, teeming with life, originated on the ^obe, the 
varied multiplicity of which was not dependent on those 
four elements which, in a truer sense, form their organic 
constituents, but rather on the infinite variety of chemi- 
cal processes which were called forth by the manifold 
kinds and quantities of inorganic substances. On the 
other hand, the humus, the black substance resulting 
from the decay of living beings, rendered possible the 
development of the innumerable organisms in greatest 
fOTce, since it ftimished to them organic nutriment. But 
the weathering of rocks, and their chemical decomposi- 
tion into soluble constituents, depend upon heat and the 
chemical composition of the atmosphere. Conditions 
like those which now we find only tinder the tropics, 
allow of rapid weathering and rapid decomposition, and 
thus cause the rich and luxuriant vegetation of the tro- 
pics. At a former period, however, our atmosphere 
must have been everywhere warmer, and more replete 
with moisture and carbon ; and in this age, that ftillness 
of organic life, which we now find buried in a fossil con- 
ditfon in the stratified rocks, could unfold itself without 
limit over the whole earth, without relation to geograph- 
ical latitudes. 

To return to my subject. The ingenious omce work 
views established by Liebig consequently point **' *^® **''*"• 
out, that those constituents, which we are accustomed to 
despise and overlook, are exactly those which have the 
most essential importance to the vegetable world. All 
the nitrogenous components of plants, which we use as 
food, consist, it is true, of merely carbon, hydrogen, oxy- 
gen, and nitrogen. But the presence of these sub- 
Btances alone does not help the plant in the least ; it 
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cannot form from them a granule of albumen or gluten, 
unless it contains, at the same time and in the proper re- 
lative condition, salts of phosphoric acid. The useful 
starch, the sweet sugar, the cooling citric acid, the aro- 
matic oil of oranges, are indeed composed solely of car- 
bon, hydrogen, and oxygen ; but the plant cannot pre- 
pare those gifts for us, out of ever so great an abundance 
of these elements, if it does not possess also alkaline 
salts. The slender stalk of the wheat could not lift 
itself to ripen its grain in the sun's rays, unless the soil 
furnished it with silex, through which it gives its cells 
that solidity necessary to enable it to maintain an erect 
position. 

liebig's Supported by these facts, Liebig has re- 
minerai ma- ccutly sought to rcvolutionizc our whole agri- 
"^*"* cultural system, by the recommendation of a 

mineral manure he has discovered ; for the preparation 
of which he has taken out a patent in England, and 
sold it to Messrs. Muspratt & Co. His aim is to fur- 
nish to every kind of soil and plant, a proper compost 
of those mineral substances which the plant requires 
and the soil is deficient in, and in such a peculiar state 
.of combination, that the substances shall be soluble 
enough to be taken up by the plants, and yet not so 
readily soluble, that the rain can wash away any con- 
siderable quantity. Whether Liebig has attained to 
this end, can only be determined after experience has 
given its evidence. In theory, it must be aflSrmed, that 
the principle is correct, and the carrying out possible. 
But vegetable physiology will, with good right, make an 
objection to this system of manuring, and experience 
will confirm it; namely, that though the humus, as 
already shown, is by no means a nutrient substance, yet 
without it, there can be no healthy and strong vegeta- 
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tion on such soils, and they are rare, as are not most 
propitiously mingled with clay, which may, to a cer- 
tain extent, replace humus. Liebig's chemical onesided- 
ness, in this respect, will probably be mischievous to 
those agriculturists who cannot neutralize this fault by 
their own thorough knowledge of Natural Science, just 
as on the other side, the absence of a thorough study of 
Natural Science, and crude empirical prejudice, have in 
these later times prevented many, particularly German 
agriculturalists, from taking part in the improvements 
called forth by the progress of science. Perhaps, how- 
ever, an event which is sad enough in itself, will give 
rise to an earnest observation of the results of science 
and will thus, by producing an essential transformation 
of our agricultural management, become a blessed mo- 
ment in the history of our cultivation. I mean the 
Potato Disease, which in the last few years has appeared 
in such a threatening form, that it is, indeed, calculated 
to awaken the most indolent from their slumber, and in 
which we have one of the best proofs of the correctness 
of Liebig's theories. 

The phenomenon of these recent times is cause of 

by no means an isolated one, for, during the potato cus- 
more than one hundred years has the disease ****^ 
shown itself in Potatoes ; and in each recurrence of its ap- 
pearance, has it exhibited greater extension and activity. 
That it is not dependent solely or essentially upon meteor- 
ological influences, is shown even by the form continually 
becoming worse ; but, in particular, by its extent in the 
year 1845, when it manifested itself with equal formi- 
dableness in southern ' Sweden and in South America, 
which two countries had been favored (contrary to what 
happened in central Europe) with remarkably fair 
weather. ^ Beside, the Potato was not wholly exempted 
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from the evil by any position, any method of culture, or 
in any variety, and this points out to us, at once, that 
the actual cause of the disease must lie in a thorough 
degeneration of the plant, and not in any single exter- 
nal influence. If we ask how such a degeneration could 
have occurred, the following considerations alone can 
guide us to an answer. The wild Potato is a small, 
greenish, and bitter-flavored tuber, containing, how- 
ever, a great deal of starch. It is one of those plants 
which readily produce varieties in cultivated soils,' 
which exhibit tolerable permanence when the conditions 
of culture remain exactly the same. When this is not 
the case, new varieties arise, they " sport " as it is 
called. The difference of these varieties consists only 
in part in the far less essential alteration of the form of 
the Potato, in its quicker or slower ripening. Far more 
important is the difference in the chemical process by 
which the relative amounts of starch and albumen in 
the tuber become altered. Starch, a substance contain- 
ing no nitrogen, is the peculiarly characteristic constitu- 
ent of the Potato, a substance which withstands decom- 
position for a long time. The formation of this requires 
the presence of a large quantity of potash, and there- 
fore the Potato belongs especially to the alkali-plants. 
Albumen, on the contrary, rich in nitrogen, is particu- 
larly prone to decomposition and rotting, and its pre- 
sence, in large quantity, renders the other substances 
also which can, alone, long withstand decay, e, ^., cellu- 
lose and starch, much more liable to this process of 
solution. The production of albumen presupposes the 
presence of a great quantity of salts of phosphoric acid. 
Cause of the If we cxamiuo a healthy normal Potato, 
potato diaeaie. ^^ gj^^j ^^ proportiou of the nitrogcuous to 

the unnitrogenized constituents to average as 1 : 20; 
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the proportion of salts of phosphoric acid to alkaline 
salts as 1 : 10. On the other hand, freshly-manured 
cultivated land — from physiological reasons which it 
would lead me too far to unfold here— contains the inor- 
ganic constituents mentioned almost in the proportions 
of 1 : 2. The consequence of this is, that in such soils 
the plant is forced to take up the phosphate in larger 
quantities, in proportion to the alkaline salts, than its 
nature requires, and thence a greater abundance o£ 
nitrogenous matter, of albumen is formed in it, than it 
would contain in a normal condition. This latter must 
infallibly render the components of the Potato, which 
always contains a great deal of water, still more prone 
to processes of decomposition, which then appear under 
the most varied forms, sometimes, as in the dry-rot 
formerly observed, principally seizing upon the starch, 
and sometimes, as in the recent moist-rot, especially 
attacking the cellulose. That such a disposition may in 
a moment show itself as a ruinous disease, when exter- 
nal, influences, particularly unfavorable weather, come 
into operation, is readily conceivable, and it stands to 
reason that when the injurious influences which pro- 
duced the seeds of the disease continue, the degenera- 
tion of the Potato, and its proneness to disease, must be 
always increasing. In such cases, the theory of Liebig 
and Boussingault again afibrds us a certain means of 
avoiding the evil. A careful consideration of the inor- 
ganic substances soon afibrds us the law, that it is not 
alone enough that the difierent substances are present in 
sufficient abundance in the soil, but that they must also 
be present in the proper proportion to each other; that 
regard to these proportions is of the highest importance 
in reference to tiiose plants which are naturally inclined 
to produce varieties ; above all, in reference to those plants, 
16 
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the chemical composition of which renders them moetlia* 
ble to essential injury by alteration of their constitaents. 

The propoied All this especially concerns the Potato, bat 
rnatAj. ^QQQ j^Q^ much affcct our grain, Rye and 
Wheat. When we compare the constituents of the ashes 
of these latter with the contents of a freshly manured 
soil, we find the proportions of the two almost alike, 
and what is very remarkable, when we abstract the con- 
stituents of the ash of Eye from the contents of the 
soil, almost exactly that proportion of the particular 
matters remains, that we find in the ash of the Potato. 
The conclusion is therefore simple: that we must in 
future never cultivate the Potato as the first crop, as has 
generally been, hitherto done throughout the greater part 
of Europe, but we must begin with Eye, and allow the 
Potato to follow it, or perhaps still better, to come two 
years later, after Clover, and if we would raise a healthy 
produce, and in fiiture be rid of the plague to which we 
have recently been subject. The fundamental proposi- 
tion will henceforward stand firmly established, that the 
nutrient matter which the plant itself takes up from the 
soil, consists essentially only of the inorganic constitu- 
ents of the same, and that these, and not the organic 
substances, constitute the peculiar richness of a soil. 

But the inorganic compounds are inseparably con- 
nected with the organic in the plant, and if we would 
take possession of the latter, we must receive the former 
into the bargain. 

Inorganic mat- Yct they are not merely useless ballast, but 
terinman. substanccs esscntial to our bodies and their 
maintenance. Let us see what Man is really composed 
of. According to Quetelet, a full-grown man weighs on 
an average 154 pounds, and if we subtract the great 
quantity of water which runs through all parts of 
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our body, keeping them supple and pliant — some 38 
pounds — 14 pounds of this come from the bones, and 
24 pounds from all the remaining parts. The former 
contain about 66 per cent., the latter 3 per cent, of 
eartiiy constituents, which are left behind after combus- 
tion. Man consists, therefore, in more than a third 
part of inorganic substances, which are necessary to his 
existence ; and which he must, therefore, receive with 
his food. He must, in fact, as the Evil Spirit says, 
feed upon dust. 

Exactly as the softer organs of the human ^^,^ ^^ 
body, in their every motion partly worn out prime, and de- 
and consumed, become replaced through nu- ^^* 
trition, so does man continually lose a portion of those 
inorganic substances, and must make good this loss by 
food. But during life, a peculiar relation is maintained 
between the two kinds of matter which are received. 
In the child, still growing, whose organs are still in the 
process of development, far more of both classes of sub- 
stances, of the organic equally with the inorganic, is 
taken up than is worn out ; in the adult, the receipt and 
the expenditure are in equilibrium ; in old age, on the 
other hand, a peculiar disproportion occurs.. The old 
man consumes continually more organic matter than he 
can replace by food. The strength of his muscles dis- 
appears, the quantity of blood bocomes smaller, he 
grows thinner. But the inorganic matters are not 
wasted in the same quantity as they are received in the 
food. Man thus goes back again to the stage of child- 
hood, and we obtain a view of life and death, almost 
directly in contrast to that formerly unfolded. Ever 
more and more earthy matter is added ; organs which 
formerly were soft and pliant, become ossified and refuse 
their office; ever more heavily does the dust draw him 
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down to dust, till at last the light- winged QrBche, weary 
of the presBure, throws off the chrysalis-shell — ^beoomo 
too gross. She leaves the dust-bom body to the slow 
combustion which we call decay. A litde pile of ashes 
remains to the earth from which they were borrowed. 
The soolj itself immortal and incorruptible, returns 
from the slavery of natural laws to the Disposer of Spi- 
ritual Freedom. 



ON THE MILK-SAP OF PLANTS. 



** Here is a juke thst swift intoxicates." 



CHAPTER VIII. 

In the brilliant arena of the polite world, yahie of 
the entrance to which is decorated by the ce- Mackintodi. 
lebrated obelisk of Luxor, on that field where, in blood- 
less battles, the victories of fashion are decided, — albeit, 
the ground was originally consecrated to the " humilite 
de Notre Dame''* — ^in Longchamp, not very long ago re- 
sounded the question, " Paletot, or Mackintosh ? " For 
the moment the Paletot triumphed, but soon to fSsill be- 
fore the Burnous and other successors, while the Mack- 
intosh, if no longer ruler of the mode, still survives. It 
may be worth while to ask, what it really is that has 
given the Mackint/osh such value that it will still be 
long retained in the wardrobe, as indispensable for cer- 
tain purposes. There are, beside the champi^Qs of 
feshion, two opposite parties, one of which asserts the ex- 
cellence of, the other absolutely rejects, the Mackintosh. 
Shall we not hear them % 

The defenders extol the lightness which is combined 
with perfect imperviousness to water and^ great warmth. 
These excellencies depend wholly upon the peculiar sub- 
stance with which the doth is made into Mackintosh, 

(189) 
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the gam elastic, or Gaontchonc. This has recently ac- 
BiftDuflustorM quired such extensive application in mannfac- 
€f OMmtchouc. tures, that a closer acquaintance with it will 
certainly not be uninteresting. The English use this 
peculiar product of the vegetable world most laigelj. 
In 1330, more than twenty-six tons were imported into 
England. In the year 1829, nearly fifty tons. In the 
customs'-year, ending in 1833, dnty was paid on more 
than eighty -nine tons. Since that time, the consump- 
tion has been continually increasing. In one manufac- 
tory in Greenwich alone, eight cwts. are daily submitted 
to dry distillation in iron vessels. The residue is a pecu- 
liar greasy substance, which never loses its tenacity and 
pliability, bidding defiance to every influence of air or 
water ; and it is, therefore, made use of in the English 
navy for steeping the cordage in, to render it more di>- 
rable. The fluid distilled over is a volatile, inflammable 
oil, which possesses the property of readily dissolving 
Oaoutchouc, and leaving it, after evaporation, in its ori- 
ginal condition. Thus it becomes possible readily to 
give the Caoutchouc any desired form, and to impart its 
impenetrability by air and fluids of almost all kinds, to 
every other substance. Thus are produced the many 
waterproof fabrics, one of which has been called after 
its discoverer. Mackintosh. The great elasticity is also 
tnmed to account in the greatest variety of ways, this 
property being in the highest degree valuable for many 
purposes. For this, the great masses of Caoutchouc are 
cut by proper machines, first into thin plates, and then 
into very fine filaments. These filaments are covered 
with linen, cotton, or silk thread, and then woven with 
other customary yam, which serves as the woof, into 
bands, etc. Finally, Caoutchouc in an unprepared con- 
dition, is applied to many uses^ of which I will onlj 
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mention the 80-caiied ^^ goloshes," or India-rnbber 
shoes. 

South America is the country which sup- souroei of 
plies the largest quantity of Caoutchouc for cao«*ciM>««- 
this great demand ; but a great deal is also imported 
from the East Indies, and even Africa might ftimish it, 
if the social condition of the natives did not oppose 
itself to their availing themselves of their indigenous 
resources. All the countries which count Caoutchouc 
among their products, belong to the torrid zone. A. 
von Humboldt, in his " Ideas of a Geography of Plants," 
remarked^ that the plants yielding milky juices multiply 
as we approach the tropics. This milky juice of plants 
it is which contains the peculiar elastic substance. The 
tropical heat seems to exert a distinct influence in its 
perfect formation, for it has been remarked, that the same 
plants which, under the equator, yield abundance of 
Caoutchouc, contain instead, with us, even in hot-houses, 
a substance which resembles the bird-lime obtained from 
our native Misletoe. 

Who among my readers has not seen our oonunon ex- 
indigenous Wolf's-milk or Spurge, the white ampiMofmiik 
milky juice of which populju* superstition re- ^^'^' 
commends as a remedy against warts ? Who has not in 
youth at least l^ome acquainted with the Celandine, 
from the broken stalk and leaf of which, a bright orange- 
colored juice runs out ? Who has not observed that tiie 
Lettuce, when it has run up to flower, ejects a milk-white 
fluid at the slightest touch ? But the occurrence of 
milky juices in plants is not limited to these few. The 
vegetable world presents to us most usefril as also poi- 
sonous matters in this milky sap, and I will content my- 
self at present with recalling to recollection Opium, the 
dried milky juice of our large garden Poppy. 
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A great number of plants, which principally belong to 
three great fiunilies, namely, the Spurges, the Apocyna- 

Color and ^^^ (Juss.,) and the Nettle plants, are distin- 
ooiwtitnentsof guishcd by a peculiar anatomical structure. 
"*'"'"^"*^ In their bark, and also partly in their pith, we 
find a quantity of long, variously curved and branched 
tubes, which are not unlike the veins of animals. 
Through this similarity. Professor Schultze, of Berlin, 
was led to develop a comprehensive theory of a circula- 
tion through these structures of the fluids contained in 
them, which he called vital juices, which theory, unhap- 
pily, cautious science was compelled inmiediately upon 
its promulgation, which made so great a show, that it 
appeared as one of the treatises honored by the Paris 
Academy with the Monthyon prize, to demonstrate to be 
a mere brain-spun phantom. In these tubes we find a 
thick juice of the consistence of very rich milk, whence 
it is called milk-sap. Its color is usually milk-white, 
but yellow, red, and, very rarely, blue milk-saps are met 
with, but more frequently still they are wholly colorless. 
Like animal milk, this juice consists of a colorless fluid 
and small globules. The composition displays the most 
varied constituents, and upon the variation of quantity 
and modes of mixture of these matters, depend the 
abundant varieties of this juice. All contain more or 
less Caoutchouc, which occurs in the form of little glo- 
bules. These are prevented from coalescing by an albu- 
minous substance, in the same way as are the butter 
globules in milk. Exactly like the cream (the butter) in 
milk, the Caoutchouc globules rise to the surface of the 
milk-sap of plants when left to stand, here form a cream 
and coalesce, and cannot, any more than butter, be sepa- 
rated again into their distinct globules. 

All those three great fEunilies which are distinguished 
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by their abundance of milk-sap, although differing very 
widely botanically, exhibit some most remarkable agree- 
ments through the nature of their milk-sap. 

It will not be uninteresting to give a more detailed 
account of these three families, and to mention the more 
important plants belonging to them. 

The Spurges or EupJwrbiacem constitute The^wge- 
the most important group in reference to the ^^"'^ 
amount of Caoutchouc contained. From the Port of 
Para in South America, from Guiana and the neighbor- 
ing States, an incredible quantity of India-rubber is 
shipped for Europe, and this is principally obtained 
from a large tree growing in those regions, called the 
Siphonia elastica. In the year 1736, the celebrated 
French savan^ La Condamine, first directed attention to 
Caoutchouc, and minutely described the mode of obtain- 
' ing it. That beautiftil tree, the Siphonia^ is siphonia. 
about sixty feet high, and has a smooth brownish-gray 
bark, in which the Indians make long and deep inci- 
sions down to the wood, from whence the white juice 
then abundantly flows forth. Before it has time to dry, 
it is spread upon moulds of unburnt clay, usually of the 
shape of a small, roundish, short-necked bottle, and 
then dried over a smoking fire. The spreading of the 
Caoutchouc upon the mould i» repeated until the coat 
has acquired the desired thickness. By this operation, 
in which the foreign matters are not separated from the 
juice, which becomes still more contaminated by the 
smoke, the Caoutchouc acquires a brown or black color, 
while pure Caoutchouc is white, or of a yellowish color, 
and semi-transparent. 

We owe a subsequent more accurate knowledge of 
the tree and its distribution, to Fresneau, in the year 
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1751; but especially to the indefatigable natoitdist, 
Aublet dn Petit-Thouars. 

Many other plants of this group contain Caoutchouc, 
but from none is it so easy to obtain it in large quan- 
tityi. Though the sap of Siphonia is at least harmless, 
though the juice of the Tabayha dolce {Euphorbia haU 
samifera^ Ait.) is even similar to sweet milk and, thick- 
ened into a jelly, eaten as a delicacy by the inhabitants 
of the Canary Islands, as Leopold von Buch relates in 
his interesting description of the Canaries ; yet most of 
the plants of this group are to be counted among the 
suspicious, or even most actively poisonous, on account 
of this very juice. 

Bouroei of Aud yct, Strangely enough, they also furnish 
Tapioca. |^ TCLO^t wholcsomc food, which we have 
scarcely anything to compare with. Throughout all the 
hotter part of America, the culture of the Mandioc- 
root {Jatropha Manihot) is one of the most important 
branches of husbandry. The native savages and the 
Europeans, the black slave and free man of color, alike 
substitute for our white bread and rice, the Twpiocoa and 
the Mandiooca fwrinha^ or Cassava-meal, and the 
cakes prepared from it {pan de tierra caliente of the 
Mexicans ;) which are obtained from that most poison- 
ous plant. The sweet Yucca {Yiesa dulce^) which is 
the name applied there to the Mandioc plant, must be 
distinguished from the sour or bitter kind {Yuca amara). 
The former, which is therefore cultivated with great 
care, may be eaten at once, without danger; while the 
latter, eaten fresh, is an active poison. They serve the 
uncivilized son of the South American tropics for 
food, and we will watch him for a moment in his 
haunt. 
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In a dense forest of Guiana, the Indian poiaoning 
chief has stretched his sloping mat between mtows. 
two high stems of the Magnolia, he rests indolently 
smoking beneath the shade of the brOad-leaved Banana, 
gazing at the doings of his family around. His wife 
pounds the gathered Mandioc-roots with a wooden club, 
in the hollowed trunk of a tree, and wraps the thick 
pulp in a compact net made from the tough leaves of 
the great Lily -plants. The long bundle is hung upon a 
stick, which rests on two forks, and a heavy stone is 
fastened to the bottom, the weight of which causes 
the juice to be pressed out. This runs into a shell 
of the Calabash gourd ( Crescentia Oujete^ ) placed 
beneath. Close by squats a little boy, and dips his 
&ther's arrows in the deadly milk, while the wife lights 
a fire to dry the pressed roots, and by heat to drive off 
more completely the volatile poisonous matter. Next, 
it is powdered between two stones, and the Cassava- 
meal is ready. Meanwhile, the boy has completed his 
evil task; the sap, after standing some considerable 
time, has deposited a delicate, white starch, from which 
the poisonous fluid is poured off. The meal is then 
well washed with water, and is the fine white Tapioca, 
resembling, in every respect. Arrow-root. In a similar, 
more or less skillful manner, are the Mandioca and Ta- 
pioca, everywhere prepared. 

The sated savage saunters round to seek a Thepoisoii 
new sleeping-place, but woe to him ! inad- Mancwneei. 
vertently he has prepared his couch beneath the dreadful 
Manchineel {Hvppomane Mancinella^ and in a sudden 
shower, the rain drips from its leaves upon him. In 
frightftd pain he wakes up, covered with blisters and 
ulcers, and if he escapes with life, he is at least the 
richer of a fearfril experience of the poisonous propertieB 
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of the MiphorhiacecB. But this will Beldom happen 
to a native; the Manchineel is avoided in America 
with the same mysterious and almost superstitious awe, 
as the fabulous Poison-tree in Java. Happily, tJbe 
Trumpet-tree {Bignonia leucoxylon^ the sap of which 
is the surest antidote against the Manchineel, usually 
rears its beautiful purple blossoms close at hand, the 
constant companion of that dangerous Euphorbiacean. 

^^ ^ The planter of the Cape strews over pieces 
■onons Sparge- of flcsh the pouudcd fifuit of a plant that 
^""^ grows there (Eyomanche globose^ Lam.,) and 

lays them as an infallble poison for the Hysena. The 
wild inhabitants of southern Africa, according to Bruce, 
poison their arrows with a Spurge {Euphorbia caput 
MedvscB), Yircy states, that the Ethiopians make a 
similar application of others Euphorbia hepta^ona. E. 
mrosa W., E. cereiformis^) while the savages of the 
most southern part of America use the sap of a third 
{E. cotini folia). Nay, even our seemingly so innocent 
Box, which also belongs to this family, is so injurious, 
that in places in Persia, where it much abounds, no 
camels can be kept, because it is impossible to prevent 
their feeding on tiiis plant, which is deadly to them. I 
cannot take leave of this family without mentioning a 
remarkable phenomenon, reported to us by Martius, in 
that work so full of information, his Travels through 
Brazil. A Spurge grows there {E, phoaphorea^ Mart.) 
the milk of which, when it flows forth from the stem in 
the dark, hot summer nights, emits a bright phosphoric 
light. 

The Apocy- While thc family just alluded to, the blos- 
°*'^- soms being generally insignificant, attract the 

attention of our horticulturists almost solely through 
their strange forms, which, in some of them, approach 



OP PLANTS. 197 

to those of the Cactus plants — the family of the Apo- 
cynacecB is, on the contrary, a rich ornament of our 
gardens and hot-houses, on #connt of the wonderful 
beauty of its blossoms, and is often still more attractive 
from the remarkable structure of the flowers, and the 
aberrant, also Cactus-like form of the plant itself. What 
lover of flowers knows not the splendid blossom of the 
species of Caruaa^ Allamanda^ Thevetia^ Cerhera^ 
Plumieria^ Vinca^ Nerium^ and. GeUeminum — the 
strange stalk and toad -colored, ill-smelling flowers of 
Stwpeliaf But this family is not less interesting in 
other respects. The best Caoutchouc at present known, 
that from Pulo Penang, comes from a plant of this fa- 
mily {Cynanchum ovalifolium,) Also that from Suma- 
tra, {Urceola elaatica^ Roxb.,) from Madagascar ( Vahsa 
gummifera^ Poir,) a part of the Brazilian {Collqphora 
utilis^ Mart, and Hancomia spedosa^ Mart.,) and the 
East Indian (Willughbeia eduiis^ are obtained from 
plants which belong to the group of Ajpocynaoem. 

Most strangely, this family'also, as well as ^j^^ ^^^^ 
the following and last, exhibits the peculiar often whoie- 
phenomenon whichwas described in the first- *^™*' 
named, the EupTwrbiacecB^ namely, that the milk-sap is 
in some species rich in India rubber, in others, it is tem- 
pered into a clear, agreeably smelling, and wholesome 
milk, while in certain others, on the contrary, this fluid 
grows, step by step, through successively increasing 
quantity of noxious. matter,~%o a most dreadful poison. 
In the forests of British Guiana grows a tree which the 
natives call Hya-Hya {Tahemcemontana utilia^ Am.) 
Its bark and pith are so rich in milk that an only mode- 
rate-sized stem which Arnott and his companions felled 
on the bank of a large forest-brook, in the course of an 
hour colored the water quite white and milky. This 
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milk is perfectly harmless, of a pleasant flavor, and is 
taken by the savages as a refreshing drink. Still more 
pleasant must be the taste of the milk of the Ceylon 
Cow-tree, the Kiriaghuma {Oymneura lactiferum^ Bob. 
Br.) which, according to Burmann's narrative, the Cin- 
galese nse exactly as we do milk. 

Th« poiffm Dreadful, on the contrary, is the action of 
wouTMi. ^Q terrible Wourari poison, which the inha- 
bitants of the banks of the Orinoco concoct with mystic 
conjurations, the chief ingredients of which are furnished 
by the juice of a plant belonging here {EcMtes suhereota,) 
and the bark of another, likewise an Apocynaceous tree, 
{SiryohnosffuianensiSj Mart, and Sir. toxifera^ Schomb.) 
Schomburgk has recently given us a highly poetical de- 
scription of the preparation of this poisoii in the valu- 
able Reports of his Travels, which hitherto, unfortu- 
nately, have only appeared in fragments in particular 
journals. 

Poisoned ax^ Poppig duriug his romautic wanderings in 
'**^*' South America, had often an opportunity of 

becoming acquainted with the firightful action of the 
Wourari. A large, long reed is hollowed out by the In- 
dians, and very carefully polished. The arrows, about 
a foot long, are cut out of very hard wood ; the point is 
dipped in the poison, and the other end wrapped round 
with cotton, so as exactly to fill the tube. Armed with 
this fearful weapon, the savage steals upon the unoflend- 
ing foe, who is perhaps busy preparing a dainty meal 
from the newly killed deer. No rustling noise betrays 
the practiced foot that comes gliding on ; no eye per- 
ceives, through the dense thicket, the deadly reed from 
which, impelled by a strong puflf alone, the winged 
messenger of death noiselessly and surely reaches, even at 
a distance of thirty paces, the unwarned and defenseless 
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Victim, who, firom the slightest wound, in a few minntes 
expires in convulsions. 

The North Americans also use an Apocynaceous plaift 
{Gonolohium macrqphyllumy Mich.) to poison their 
atrows ; and Mungo Park related the like of the Man- 
dingoes of the Niger (according to him it is a species of 
Eohitea.) 

Many other allied plants are among the NtixTomkft. 
most active poisons {Cerbera Thevetia^ and C. Ahovai^ 
and the seeds of this group, ih particular, are almost 
more remarkable for their 'deadliness than those of the 
foregoing, for two of the most violent vegetable poisons. 
Strychnine and Brucine, occur in them. Some of our 
most active medicinal substances are especially known 
on this account ; for instance, the St. Ignatius's beans 
{Ignatia amara^ from Manilla,) and the Nux Vomica 
(Strychnoa nux vomica^ distributee^ throughout the 
Tropics.) 

I must not neglect to mention here a strange Thangin 
custom of the inhabitants of Madagascar, n^*' 
among whom, in a kind of divine judgment, the strength 
of the stomach decides upon guilt or innocence. When 
any one is accused of a crime, he is compelled, in an 
open assembly, under the directions of the priests, to 
swallow a Thangin nut (from Tanghinia venenifera:) 
if his stomach is in a condition to reject this frightful 
poison upward, he is pronounced inn9cent; if not, the 
demonstration of his guilt becomes at the same time his ^ 
punishment, and the death of the unhappy creature con- |^ 
eludes the evidence. 

It would not be diflScult to make some of the The Nettie 
more important characters of the two families ^®'**- 
I have mentioned, so dear, even to a person unac- 
quainted with Botany, that he would be enabled readily 
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to distiiiguiBh any plant belonging to them. Very dif- 
ferent is it with the Mlowing, the last group, the Jus- 
sieuan family of Nettle-plants or UrticaceoB. The plants 
belonging to this vary in the most striking manner in 
their external forms, from the smallest, most insignifi- 
cant weeds, like our common Pellitory of the wall, and 
our Nettles, to vast and most stately trees like the Bread- 
fruits {Artocarpus integrifolia and incisa^) which, with 
their wide-stretche3 branches and broad beautifully 
formed l^ves, overshadow the huts of the South Sea 
islander, who lives upon their savory fruit. As in the 
family of the Spurges, only some few plants bestow, in 
their seed, a pleasant, nut-like kernel (as Aleurites tri- 
loba in the Moluccas, Conceveiba guianensia in South 
America) ; as in the Apocynaceous group, several trees 
afford cooling, juicy, and therefore, highly-valued fruits 
to the inhabitants of hot regions {Carissa Carandaa in 
the East Indies, C, edulis in Arabia, etc.,) so the family 
of the UrticaceoB includes the strangest multiplicity of 
fructifications. The little oil grains of the Hemp, the 
green grape-like bunches which gracefully adorn the 
slender twining Hop, the aromatic Mulberry, the sweet 
Fig, the useful Bread-fruit, all these so various forms be- 
long to one group of plants, and the Botanist traces in 
all the same fundamental structure, however incongruous 
these manifold shapes may appear to the eye of the unin- 
itiated. One peculiarity, alone, extends without excep- 
tion throughout all the species of this large order, 
namely, the presence of fine, but strong bass-fibers in the 
bark. The German name for muslin, Neasel-tuch 
(nettle-cloth,) denotes the source from whence the fiber 
of which it is made was originally obtained {Urtica can- 
ibina^ and the skillful industry of the gentle Tahitan 
spares the most delicate stuff, without spinning-wheel 
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OP loom, from the fine white bass of the Ante or Paper- 
Mulberry, {Broussonetia papyrifera^ Vent.) 

An elegant tree, allied to the last, the Hoi- The Banyaa 
quahuitl of the Mexicans, or Ule di PapanUa *°*^ wg-trees. 
of the Spaniards {Caatilloa elastica Deppe^) furnishes 
the Caoutchouc of New Spain, and the inconceivable 
quantities of this substance which are brought to our 
ports from the East Indies, are collected in great part 
from the venerable Fig-trees in which that Asiatic tropi- 
cal world is so rich. On a trunk of giant girth, but 
seldom more than fifteen feet high, rests the enormous 
crown of the Banyan or Holy Fig {Ficus religiosaj) the 
branches often run a hundred feet horizontally out firom 
the trunk, sending down to the ground, at various inter- 
vals, long straight roots, which quickly penetrate and 
take firm hold, thus becoming props to the long branches. 
These wonderftd trees, each one resembling a small 
wood, are dedicated to the god Fo, and the helpless, lazy 
Bonze builds his hut, not unlike a bird-cage, in its 
branches, in which he passes the day sometimes asleep, 
sometimes dreaming in contemplative indolence in the 
pleasant cool shade. These great Fig-trees (Fioics reli- 
giosa^ indica^ henjaminea^ L., elastioa^ Koxb.) have 
sweet fruits, and their milk-sap contains the interesting 
Caoutchouc. Some of these plants also yield a harmless 
juice. By far the most remarkable in this respect, is 
the Palo de Vacca or Arhol de Zeohe^ the Cow-tree of 
South America, {Galaotodendran utUe^ Kunth,) which 
was first made known to us by A. von Humboldt. When p 
a tolerably large incision is made into the trunk of this 
tree, a white, oily, fragrant, and sweet fluid, very similar 
to animal milk, flows out in suflScient quantity to re&esh 
and satisfy the hunger of several persons. 
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nxiin^ A etrikiDg contrast to this ia afibrded hj 
log »«!«. ^g properties of other Nettle-plants. One is 
tempted to call them the serpents of the vegetable king- 
dom ; and the parallel is not difficult to carry ont. The 
Bimilari^ between the instrnmente with which both 
produce' and poison their wounds is very remarkable. 
The Bnakes have in the front of the upper jaw two 
long, thin, somewhat curved teeth, which are perforated 
lengthwaj^ b; a minute canal,' which opens in frmt 
, at the sharp point. 
These teeth are not 
I fixed finnly in the jaw 
like the others, but 
movable, like, but in 
aless degree, the claws 
of a cat. Beneath 
each tooth, in a cavi^ 
in the jaw, lies a little 
gland, in which the 
poison is prepared , and 
I excretory duct 
I of this gland runs 
I through the canal in 
the tooth, and opens 
at its apex. When 
the animal bites, the 
resistaucG of the bitten 
body pushes back the 
tooth, so that it presses 
npon the gland, which squeezes out of it the deadly 
flnid, into the wonnd. If we examine, now, the hairs on 
the leaf of the Nettle, we find a wonderful agreement. 
T!ic BtiL)f:,ing hair consists of a single cell, terminating 
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above in a little knob. Below, it expands into a small 
sac, which contains the irritating juice. 

The slightest touch breaks oif the brittle tim ii^jaeitd 
point with the little knob, the canal of the i»**"- 
hair is thus opened, and it penetrates any soft sub- 
stance ; in consequence of the pressure which the resist- 
ance to its entry exerts upon the sac, a portion of the 
poisonous juice is ejected out into -the wound. The 
poisons of our native Nettles and Snakes are not of 
much consequence, but the nearer we approach the tro- 
pics the more frequent and more deadly they bolli 
become. Where the glowing Indian sun ripens ihe 
poison of the fearful Spectacle-snake, there grow the 
most dangerous Nettles. Every one among us has felt 
the slight but irritating sting of the Nettle, which it 
produces by its slender poisonous hair, but we have no 
notion of the torture which its near allies {Urtioa stimu- 
lans^ U. crenulata^ Eoxb.) produce in the East Ipdies. 
A gentle touch suffices to cause the arm to swell up 
with the most frightful pain, and the suffering lasts for 
weeks ; nay, a species growing in Timor (JJrtica uren- 
tiisima^ Blume,) is called by the natives Daoun Setan 
(devil's leaf,) because the pain lasts for years, and often 
even death can only be avoided by the amputation of 
the injured limb. t * ^ 

We do, indeed, find many violent poisons The pdaon 
in this family, and even some species of Fig up^of j»t». 
are iacluded among the most dangerous plant {Fiona 
toxicaria^ L.,) but it is not worth while to linger among * 
those of lesser importance. The tales recounted of the 
Upas and the Poison- valley min|d^ almost like a dark 
and gloomy legend in our knowledge of the East Indian 
Islands. The crown of the Dutch eolonies, Java, des- 
tined, both from its &vorable positiim and inexhaustible 
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wealth of production, to become, in time, the central 
point of the great Indian Archipelago, has at all times 
attracted the attention of naturalists in the highest 
degree. Holland has always had the glory never to 
have forgotten, at any time or in any of her colonies, to 
note the natural productions of the countries she has 
acquired, and to encourage the efforts of Natural Sci- 
ence, to aid and to reward them. Swammerdamm, Leu- 
wenhoek, Kheede tot Drakensteen, Eumph, and others, 
not to speak^.of the living, will ever shine as immortal 
names in the annals of Science. For the descriptions 
we now possess of the Poison-tree, of which we are 
speaking, we have to thank the encouragement and 
assistance ^vdiich the Dutch Government granted to natu- 
ralists, especially to the yet living Drs. Blume and 
Horsefield, the latter of whom, although an Englishman, 
began his researches, under the protection of the Dutch 
Government, so early as 1802, therefore eight years 
before the short occupation of Java by the English. 

vuae reports Ih the 16th ccutury, stories circulated 
of the Upas, about the Macassar Poison-tree of Celebes ; 
and physicians and naturalists came gradually to tell of 
the action of the poison, the descriptions of which had 
become so terrible, that if the smallest quantity entered 
the bjood, not only immediate death resulted, but its 
action was so fearfully destructive, that within half an 
hour afterward the flesh fell from the bones. The first 
description of the tree was given by Neuhof, in" 1682. 
Dreadfiil as the poison is represented to be by this old 
author, his accounts are free from the gloomy fables 
which subsequent writers promulgated. At the end of 
the 17th century Gervaise asserted, that merely to touch 
or smell the tree was fetal ; and in Camel (1704), we 
find the story, that the vapor from the tree destroyed 



OF PLAKTS. 205 

everything living for a considerable distance around, and 
that the birds which settled on it died, unless they im- 
mediately eat the seeds of the Nux Vomica, by which, 
indeed, their lives were saved, but with the loss of all 
their featfiers. Before this time, Argensola (Conquista 
de las islds Molueas) had told of a tree, in the neigh- 
borhood of which every one fell asleep, and, if he ap- 
proached on the west side, died ; while, if he came to 
it on the east side, that very sleep shielded him from 
the deadly action. It was now said, also, that the col- 
lection of the poison was conmiitted solely to criminals 
whose lives were forfeited, and who escaped their pun- 
ishment if they successfully complete their task. 
From Kumph we learned that the Poison-tree is also 
met with in Sumatra, Borneo, and Bali, as well as in 
Celebes. 

But the Dutch surgeon, Forsch, first spread the wild 
tales of the Poison-tree of Java, about the end of the 
eighteenth century. His letter upon it appeared originally 
in 1781, and, after a time, was translated into almost every 
European language, — ^its contents being re- The truth 
ceived into all the manuals of Natural History »«»rtained. 
and Geography. The Commissioners of the Batavian So- 
ciety, Van Rhyn and Palm, gave a very different report 
in 1789, for they not only declared that all Forsch's nar- 
ratives were false, but wholly denied the existence of 
such a Poison-tree in Java. Staunton, Barrow, and Labil- 
lardiere expressed similar opinions ; while on the other 
hand, Deschamp, who sojourned in Java several years, 
declared that the Upas occurred pretty frequently in the 
district of Palembang, but that there was no more dan- 
ger in its vicinity than in that of any other poisonous 
plant. In 1712 the cautious and sober Kampfer added, 
in his ample account of the Poison-tree of Oelebes, 
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^^ but who could repeat anything after an Asiatic, with- 
out mixing up fables in his statement ?" NeverdielesB, 
the more recent researches of Leschenault (1810,) of Dr. 
Horsfield (1802-18,) and lastly of Blume, have fiilly con- 
firmed the accuracy of all the different reports, and shown 
us how the confounding and mingling of very distinct 
things gave rise to all those certainly partly fabulous 
narratives. 

Scene in a Two vciy different trees grow in those little 
Tropical forest, yisitcd prfmcval forcsts of Java. All the 
paths leading to them are closed and watched, like those 
leading to the gates of the Holy of Holies. With fire and 
ax must the road be made through the impenetrably in- 
terwoven mass of laanes, the Faullinias, with their dus- 
ters of great scarlet blossoms several feet long, the Cissior 
wild Vines, on the wide-spread creeping roots of which 
thrives the giant flower of the Raffleaia Amoldi. 
Palms, with spines and thorns, Kush-like plants, with 
cutting leaves, wounding like knives, warn the intruder 
back by their attacks, and in every part of the thicket 
threaten the fearful Nettles formerly mentioned. Great 
-black ants, whose painful bite tortures the wanderer, 
countless swarms of tormenting insects pursue him. 
Are these obstacles overcome ? yet follow the dense bun- 
dles of Bamboo stems, as thick as a man's arm, and 
often fifty feet high, the firm glassy bark of which re- 
pels even the ax. At last the way is opened and the 
majestic aisles of the true primeval forest now display 
themselves. Gigantic trunks of the Bread-fruit, of the 
iron-like Teak, {Tectona grandis^ oi LegujninoscB^ with 
their beautifiil blossoms, of Barringtonias, Figs and 
Bays, from the columns which support the massive green 
vault. From branch to branch leap lively troops of 
apes, provoking the wanderer by throwing fruit upon 
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him. From a moss-clad rock the melancholy Orang- 
outang raises himself gravely on his staff, and wanders 
into deeper thickets. All is full of animal life ; a strong 
contrast to the desert and silent character of many of 
the primeval forests of America. 

Here a twining, climbing shrub, with a trunk The upM 
as thick as one's arm, coils round the columns *~"*- 
of the dome, overpassing the loftiest .trees, often quite 
simple and unbranched for a length of a hundred feet 
from the root, but curved and winding in the most va- 
ried forms. The large, shining green leaves alternate 
with the long and stout tendrils with which it takes firm 
hold, and greenish -white heads of pleasant smelling flow- 
ers hang pendent from it. This plant, belonging to the 
ApocynacecB^ is the Tjettek of the natives {Strychnos 
Tieute^ Lesch.,) from the roots of which the dreadful 
Upas Radia^ or Sovereign Poison, is concocted. A 
slight wound from a weapon poisoned with this, — a little 
arrow made of hard wood, and shot from the blow-tube, 
as by the South Americans, — makes the tiger tremble, 
stand motionless a minute, then fall as though seized 
with vertigo, and die in brief but violent convulsions. 
The shrub itself is harmless, and he whose skin may 
have been touched with its juice need fear no con- 
sequences. 

As we go forward, we meet^ with a beauti- The pohon 
ful slender stem, which overtops the neighboiv ^p"* 
ing plants. Perfectly cylindrical, it rises sixty or eighty 
feet smooth and without a branch and bears an elegant 
hemispherical crown, which proudly looks down on the 
more humble growths around, and the many climbers 
struggling up its stem. Woe to him who heedlessly 
should touch the milk-sap that flows abundantly from 
its easily wounded bark. Largo blisters, painfrd ulcers, 
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like those produced by our poisonous Sumach, only 
more dangerous, are the inevitable consequences. This 
is the Antiar of the Javanese, the Pohon Upas (signi- 
fying Poison-tree) of the Malays, the Ipo of Celebes and 
the Philippines, {Antiaria toxicaria^ Lesch.) From it 
comes the common Upas, {anglice poison,) which is espe- 
cially employed for poisoning arrows, a custom which ap- 
pears to have extended formerly throughout all the Sunda 
Islands, but which is now, since the introduction of fire- 
arms, only to be met with among the savages of the 
rugged and inaccessible mountains of the interior of the 
islands. 

Volcanoes of 'At oucc awfiil and grandly sublime is the 
sanda. character of these mountains, which like the 

whole island, owe their origin to the most terrible vol- 
canic forces. Everywhere are still seen the traces of the 
subterranean fire, even in those forests, especially if the 
gradual ascent of the mountains is commenced where 
the woods clothe their feet. The highest peaks are the 
fearful volcanoes, the terrors of which have long been 
known. To these succeed the remarkable mud-volca- 
noes, which, without fire or light, often break out sud- 
denly, and without the slightest warning. The moun- 
tain Galungung thus discharged itself on the 8th and 
12th of October, 1822, turning forty English square 
miles into a desert, filled up valleys forty to fifty feet 
deep, dammed rivers, and buried in its filthy flood 11,000 
men, countless draught oxen, 3,000 acres of Eice fields, 
and 800,000 Coffee trees. 

Lower down, at the foot of the mountains^ 

Mineral ' /» i 

■pringBofSun- appear springs of all kinds, many of them 
^ sour from the great amount of fi*ee sulphuric 

acid present, others petrifying the neighboring trees with 
the silex dissolved in them, or displaying a milky white- 
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ness, from tibe quantity of fine powder of sulphur dif- 
fused tiirough their waters. In other places are found 
crowded groups of c(mes of gypsum, three to "five feet 
high, from the points of which hot or cold water un- 
ceasingly bubbles, ever increasing the size of the cones 
by its deposits. Large tracts are desolated by the action 
of the great volcanic phenomena. But new, firesh life 
, springs up everywhere, side by side with destruction, 
and clothes once more the naked earth. Only particular 
regions make exceptions to this rule. 

Leaving the thickets of the old forest and ^^^ y^jj 
climbing a moderate hill, suddenly, in a nar- ®^ ^^•'^^ 
row flat valley, a horrible wilderness, a true palace of 
death, spreads itself out betbre the eyes of the shuddering 
wanderer. No trace of thriving vegetation screens the 
naked sun-scorched earth. Skeletons of all kinds of ani- 
mals bestrew the ground. There is it often seen how the 
terrible tiger, in the moment when he has seized his 
prey, is himaelf overtaken by destruction ; how the bird 
of prey, hurrying to feed upon the fresh carcass, faUs 
into the maw of death. Dead beetles, ants and other in- 
sects, lie in heaps around, and testify still more how apt 
the name, "Valley of Death," or, "Poison Valley," 
as these places are called by the natives. . The formi- 
dable character of these localities arises froni the exhala- 
tions from the soil, consisting of carbonic acid gas, which, 
on account of its weight, is a long time diffosing itself 
in the air. Exactly as in the celebrated Orotto dd Cane 
at Naples, in the vapor caves of Pyrmont, thio gas causes 
inevitable death by asphyxia to all near the surface of 
the soil. Man alone, to whom God has given it to walk 
erect, traverses usually uninjured these deserted tracts, 
since the poisonous exhalations do not reach up to his 
head. As the natives of the Himalayas ascribe the 
18 
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diflSculty of respiration experienced in the higher alpine 
passes, 15,000 and 16,000 feet above the sea, to the 
exhalations of poisonous plants, so were the terrible 
phenomena of the death valleys connected with tiie 
action of the Antiar poison and the deadly touch of 
the Fohon Upas; and it is natural that iim legends 
should have gradually assumed their so frightful charac- 
ter, since, even up to the present time, no antidote to 
those violent and rapidly acting vegetable matters has 
been discovered. 

ughts tad We will not envy the inhabitant of the tropics 
■'*^*** the milk of his Cow-tree— and, content with the 
gift of the useful Caoutchouc, we will readily resign the 
luxuriant nature of those regions, which have so much of 
the terrible mingled with their beauty. No remedy yet 
restrains the operations of those poisons ; like the destroy- 
ing j£nigma, they oppose themselves to the human race, 
and make good the proposition, that the bright lights of 
tropical nature necessitate black shades among them, and 
that more than one Dragon watches these gardens (^the 
Hesperides. 

But I observe with dismay, that I have strayed far 
from my original subject. Paletot and Mackintosh 
were the watchwords of the strife ; the superiority of the 
latter was to be my theme, but I have, indeed, wandered 
too &r away from it to think of returning to it here. 



A SKETCH OF THE CACTUS TRIBE. 



«To him who from this lofty space looks down 
On thai wide realm, it seems somepainfal dream, 
Where shapelessness on shapelessness is piled. 
Irregularity holds qystematie role." 

FAUST. 



CHAPTER IX. 

We may, more especially through the pro- Aim of s* 
gress of recent times, define the purpose of all «"*"• 
investigation in Natural Science, the lowest equally with 
the highest, as an attempt to show that the whole world 
around us is bound by exceptionless, mathematical laws, 
and to deduce from such laws, every mutation that oc- 
curs. Very dissimilar are the degrees of completion in 
the different branches of Natural Science, nay, the de- 
grees even in which they have attained the conception 
of their highest aim, or have more or less advanced to- 
ward it. Between astronomy, the most perfect portion 
of human science, and the knowledge of organic exist- 
ence, yawns a vast gap, to the filling up of which man- 
kin^ has yet tens of centuries to labor to carry over it a 
firm and solid road. Since it really does not lie in the 
industry of the inquirer, we must seek in the matter 
itself the reason why our scientific knowledge of organic 
existence is yet so fiar distant from its ideal, that there 
are even still Natural Historians who will not for a mo- 
ment acknowledge the final conclusiozi. In Niitiure, we 

( 311) 
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find manifold substances which act and react one npon 
another ; and hence^procecds an incessant play of acti- 
vitj, the clearest and grandest example of which is af* 
folded by the fixed regularity of the movements in onr 
solar system. 

The uw» of Even here this play of force exhibits a de- 
famuiknoini. terminate form, for the paths of the planets do 
not all, in like manner, circle in one and the same line 
drawn around the sun, but each in its own way deviates 
fi*om this line ; while the magnitudes of the planets do 
not increase or decrease, etc., in a constant ratio, firom 
the sun. Here, at present, our knowledge is at a stand, 
and we are unable to find a regular deduction for these 
forms of the solar system. But the peculiar forms be- 
come far more complex in the natural processes upon the 
earth ; and here, where they at once present themselves 
without our seeking and caa readily be reviewed as a 
whole, we call them " shapes.^' 

cryBtaiune Wc might anticipate, in regard to crystals, 
**!**• on account of their regular mathematical 

forms, that they are fiubjieqt to rigM laws of formation ; 
but even here, it always' appears to be purely accidental 
that common salt and .iron pyrites crystallize in true 
cubes, and not in * eiaht-sided bodies, like fluor-spar. 
Lastly, in plants aod wimals, the forms become so var 
ried and so aberrant, that a mathematical basis is out 
of the question. All here seems pure accident, or ca- 
pricious sport of a blindly -acting force of Nature. .Yet 
there lies in Man an irrecusable necessity, never, in his 
contemplations of the world, to allow of accident^ which 
would leave him comfortless and hopeless in the presence 
of the forces of Nature, to which he is subject ; and, 
therefore, where the understanding of the law is at pre- 
sent denied to him, he makes the circumstances yield to 
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a confonnity according to the standard of his own modes 
of action, the final canse of which he seeks in a mighty 
and wise Creator and Snstainer of the world. Bnt how 
insufficient this is for the scientific examination of Na- 
ture is evident at once, from the fact, that in snch an act 
of judgment, we do not make one step toward the ac- 
complishment of our purpose. 

In reference to the animals nearest ap- j^j,tbaaJbb 
proached to ourselves, we are readily able to «»ds itMspii- 
oomprehend the relations of form to the mode ****** 
of life ; we clearly perceive that a bird's form is most 
perfectly adapted for flight, a fish's for swimming, and 
we admire the intelligence with which Cuvier made use 
of the purpose foi; which the animals were destined, to 
unfold with convincing certainty their form and the mi- 
nutest distincti<His of their anatomical structure. But 
let us enter the Grotto of Astiparos, where thousands of 
crystals refract the light of the torches with such won- 
derful brilliancy, and realize to us the l^ends of the 
fairy world * let us break a path through the dense fo- 
rests of Guiana, where the giant ^tems of the thousand- 
yeared BerthoUetias stand side by side with th^ slender 
pillars of the Palms, the delicdtely feathered fit)nd of 
the Ferns strangely contrasted with tlie broad simple 
leaf of the Banana, where the bare, thin, hundred-feet- 
long stem of the Liane stretches from tree to tree like 
the rigging of a ship, up and down which clambers the 
slim tiger-cat — ^while thousands of elegant pianMbnM. 
little Mosses and Liverworts clothe the trunks ; let us 
mark how the most varied colors and most wondrous 
forms of the splendid flower- world of the tropics fill up 
the intervals — then, indeed, the boldest imagination 
pauses at the seeking out and establishing of definite 
conceptions of conformity for the manifold forms and 
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fiuhionings, and Nature leaves us no other criterion for 
judgment of her work but the principle of beauty ; this 
alone still speaks to our feelings and leads us to adore 
the higher Existence, of which this immeasurable wealth 
of varied shape becomes a holy revelation. But, alas 1 
we become aware that not even this idea is sufficient to 
serve us as a guiding star through the countless forms of 
Nature. 

Theprfad. With the feeling that, where we cannot ex- 
pto of benity. plain by law, where we cannot dteide Srom 
the purpose, yet, at least, the inexplicable existence of 
Beauty may suffice to interpret in mysterious fashion the 
symbols of Nature — ^let us leave the forests of Guiana, 
the last mat-roof of the Guaranese betFeen the trunks of 
the Mauritius Palm, and enter the Pampas of Yeneam- 
ela, of which Hu&boldt has sketched such a. clever and 
vivid picture. No smiling verdure clothes the glowing 
rock-soil here; here and there in its crevices the Melo- 
cactus displays its round balls, '' horrid" with threaten- 
ing thorns. Ascend we thence the Andes ;j^]istead of 
tender grass, the earth is covered with pale, g^y-green 
globes of spiny Mammillarias, while, int^mingl^, rises 
the serious and mournful old-man Oactu'sf^th its vene- 
rable-looking gray hair. Borne on the wings of fiincy 
further north, we descend into the plains of Mexico, 
where the gigantic fragment of the city of the Aztecs, 
a product of a solitary era of Uivilization long lost to 
cuta»«hape8. history, display themselves : the landscape 
spreads out before us as the bare and naked Tierra ca- 
Uente, parched by tlie glowing sun ; of a dull green hue, 
without a branch or leaf, the angled columns of the 
Torch-thistles rise twenty or thirty feet high, hemmed in 
with an impenetrable thicket of irritably pricking Indian 
Figs, while round about appear the strangest, ugliest 
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forms, in the groups of the Echinooacti and ]ittl6 Cerei^ 
between which creeps snake-like, or as some great poi- 
sonous reptile, the long, dry stem of the great-flowered 
Cactus {Cereus nyctioalltis.) In short, one family ac- 
companies us through all our wanderings, that of the 
Cactus Plants, which seems in all its wondrous forms to 
withdraw itself entirely from the principle of Beauty, 
and yet at the same time presses forward so strikingly, 
80 detemiinately marking the peculiar character of the 
landscape, that we are compelled to turn our attention 
to it. And in truth, a gi:Qup which appears to retreat so 
far from all the laws of other plants, deserves our inter- 
est in a very high degree. It has received it in rich 
measure, and for tjiose whose circumstances do not per- 
mit of their making acquaintance with these children of 
a humor(yis freak of Nature in their own native land, 
our gardens, in which the Cactus Plants have come to 
be among the most fashionable, will exhibit an abund- 
ant selection of shapes. A somewhat minute examina- 
tion of this peculiar family will, therefore, not only be 
instructi^ to the lover of Nature, but may possess also 
an especial interest at this particular time. 

Linnaeus was acquainted with only about oaehi* oxb. 
a dozen species out of the whole family, and wrratories. 
these he united together under the name of Cactus ; at 
present, more than four hftndred species are known, 
which are distributed by Botanists into somewhere about 
ten genera. Most of these are under cultivation in 
Germany. The richest collection is probably that in 
the Eoyal Botanical Garden at Berlin, which possesses 
more than three hundred and sixty species ; next fol- 
lows, undoubtedly, the collection of the Prince Salm- 
Dyk Eeiflerscheide. The Boyal Botanical Garden at 
Munich, the Garden of the Japanese Palace aft Dres- 
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den, are the next in importance. Those most perfect 
in the neighborhood of Jena, are, the collection of 
Haage at Erfurt, and Breiter^s Grarden in Leipsic. 

speettetems ETeiTthing aboQt these plants is wonder- 
or thm (^ctL ftQ ^ ^ith the exception of the genus Peire^- 
kia^ no plant of the order possesses leaves. Thoee 
parts of Cactus alatus^ and the Indian Fig, which are 
commonly caUed leaves, are nothing but flattened ex- 
pansions of the stem. On the other hand, they are all 
distinguished by an extracndinarily fleshy stem, which, 
clothed by a grayish-green, leatheiy cotide, and beset, 
in the places where leaves are situated in regnlar plants, 
with various tufts of hairs, spines and points, gives by 
its very varied degrees of development, the varied 
character of the plants. The Torch-thistles rise inform 
of nine-angled or often round columns, to a height of 
thirty or forty feet, mostly branchless, but sometimes 
ramifying in the strangest ways, and looking like can- 
delabra ; the Indian Figs are more humble ; their oval, 
flat branches, arranged upon one another on all sides, 
produce special forms. The lowest and thickest Torch- 
thistles connect themselves with Hedgehog and Melon- 
Cactuses, with their projecting ribs, and thus lead us 
to the almost perfectly globular Mammillarias, which 
are covered very regularly with fleshy warts of various 
heights. Finally, there are forms in which the growth 
in the longitudinal direction prevails, which with long, 
thin, often whip-like stems, like that of the Serpent- 
Cactus, so often cultivated here, hang down from the 
trees upcm which they live as parasites. 

QngnfOeu Few families have so limited a range of 
"■■^^ distribution upon the globe. All thfe species 

of Cactus, perhaps widiout a single exception, are 
indigenous in America, between the parallels of 
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40^ S. latitude and 40^ N. latitude. But some of them 
were so rapidly distributed through the Old World 
directly after the discovery of America, that they may 
almost be looked upon as fully naturalized there. 
Almost all delight in a dry situation, exposed to the 
burning rays of the sun, which contrasts strangely with 
their fleshy tissue, tumid with watery, and not unplea- 
santly flavored acid juice. This peculiarity gives them 
inestimable value to the fainting traveler, and Bemardin 
de St. Pierre has aptly called them the " Springs of the 
Desert." The wild Ass of the Llanos, too, knows well 
how to avail himself of these plants. In the dry sea- 
son, when all animal life flees from the glowing Pampas, 
when Cayman and Boa sink into death-like sleep in the 
dried-up mud, the wild Ass alone, traversing the steppe, 
knows how to guard against thirst ; cautiously stripping 
off" the dangerous spines of the MeZo-oactua widi his 
hoof, and then in safety sucking the cooling vege- 
table juice. In vertical extension, the Cacti are not 
confined within such narrow limits, and they stretch 
from the lowest tracts along the coast, through the vast 
plains, up to the highest ridges of the Andes chain. 
On the shore of the Lake Titicaca, 12,700 feet above 
the level of the sea, are seen the tall-stemmed Pei- 
reshias^ with their splendid deep brown-red blossoms, and 
on the plateaux of southern Peru, near the limit of 
vegetation, therefore about 14,000 feet high, the wan- 
derer is surprised by peculiar shapes of a yellowish-red 
color, which at a distance look like reposing savages, 
but which a closer inspection reveals to be shapeless 
heaps of low Cacti, closely beset with yellowish-red spines. 
What Nature has withheld, however, in Their aomi 
external aspect, she has, in most, richly ^»«*i«»« 
replaced in the magnificent blossom. We are aBtonished 
19 
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to find the deformed gray-green mass of the Mammilla- 
ria decked with the most beautiful purple-red flowers. 
Strange is the contrast between the wretched and 
gloomy aspect of the naked, dry stem of the large- 
flowered Torch -thistle {Cereus grandiflorua) and its 
large, splendid, Isabel-colored, Vanilla-scented flowers, 
which, unfolding under cover of the silent night, beam 
like suns, and in the wonderful sporting of their sta- 
mens, seem almost to strive toward a higher — an animal 
life. 

TbdriiMftii But it is uot the beauty of the blossom 
wv«*^^^ alone which gladdens us, not the refreshing 
sap alone that revives the languishing traveler. The 
economic uses are also manifold. Almost all the Cacti 
bear edible fruit, and a portion of them are among the 
most delightful refreshments of the hot zones which 
ripen them. Almost all the larger Opuntias, known by 
the name of Indian Figs, furnish in the West Indies 
and Mexico, a favorite dessert fruit, and even the little 
rose-red berries of the Mammillarias, which with us are 
tasteless, have, beneath the tropics, a pleasant, acidu- 
lated, sweet juice. We may say, in general terms, that 
their fruit is a nobler form of our native Gooseberry and 
Currant, to which also they are the nearest allies in a 
botanical point of view. Succulent as is the stem of 
most of the Cacti, yet, in the course of time, they per- 
fect in it a wood as firm as it is light. This is espe- 
cially the case in the tall columnar species of CereuSy 
the old dead stems of which, after the decay of the 
gray-green rind, remain erect, their white wood stand- 
ing ghost-like among the living stems, till a benighted 
traveler seizes it in that scantily wooded region to make 
a fire to protect him from the musquitoes, to bake his 
Maize-cake, or bums it as a torch to light up the dark 
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tropical night. It is from the last use that they have 
obtained their name of Torch-thistles. These stems, on 
account of their lightness, are carried up on mules to 
the heights of the Cordilleras, to serve as beams, posts 
and door-sills in the houses ; as, for instance, in the 
mayoral of Antisana, perhaps the highest inhabited spot 
in the world (12,604 feet). Just as their allies, the 
Gooseberry bushes, are used by our country people to 
form hedges to their gardens, are the Opuntias in Mexi- 
co, on the west coast of South America and in the 
southern part of Europe, and with greater success in the 
Canaries ; their firm, shapeless branches soon inter- 
weave themselves into an impenetrable barrier, oppos- 
ing, by their dreadful spines, an insuperable obstacle 
to the intruder. Lastly, the medicine-chest does not go 
away empty, for the physicians of America make abun- 
dant use of the acid juice for fomentations in inflamma- 
tions, and give the boiled fruit in affections of the chest; 
not to mention some other prescriptions. 

In the same way that grass and clover are Th«ooehi. 
not immediately valuable to man, but serve ^^ *'^°** 
as food for useful animals, so is it with a number of 
Cacti, which support an insect of extraordinary impor- 
tance. This is the Cochineal insect {Coccus Oacti^ a 
little, very insignificant creature, externally just like the 
little, white, cottony parasite, which is so often found 
upon the plants in our hot-houses, and yet, through the 
invaluable coloring matter it contains, so infinitely diffe- 
rent from it. Formerly the culture of Cochineal was 
confined to Mexico alone, and the Government took 
great care to keep it secret. In the year 1725, there 
were animated debates in Europe, as to whether the 
Cochineal was an insect or the seed of a plant. Thierry 
de Menonville carried it, at the peril of his life, to the 
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French colony of St. Domingo, in 1786. It was also 
introduced into the Canaries, through Berthelot, in 
1827. In recent times, successful experiments in its cul- 
ture have been made even in Corsica and Spain. But 
although it is now abundantly raised in Brazil and the 
East Indies, Mexico still produces the greatest quantity 
and the finest kind. 

The ooehi- Accordiug to Alexander von Humboldt* 
nMi trade. ^hc cxport of Cochiucal from Oaxaca alone, 
is now valued at £500,000, an enormous sum, if we 
recollect that a pound costs about thirty shillings, and 
contains some 70,000 insects. The provinces in which 
the culture of Cochineal is most largely carried on, are 
Oaxaca, Tlascala, and Guanaxuato. The Tuna Cactus 
{Opuntia Tuna) is raised in fields in the great mayorals, 
which are called Nopaleros^ from the Spanish name of 
the Opuntia (NopaX), The Cochineal Cactus {Opuntia 
coccinellifera) as it is called, is used only in the West 
India Islands and Brazil. It is necessary to renew the 
plantations frequently, as the insect rapidly exhausts the 
juices of the plant, so that it dries up and dies. The 
traders distinguish two kinds of Cochineal, the grana 
jma and the grana sylvestre ; the former is richer in 
coloring matter and its color is brighter, the substance 
which invests the insects is also more pulverulent, while 
in the latter it is flocculent. However, it has not yet 
been made out whether the difierences indicate two 
different species of the insect, or depend on a difference 
in the, mode of culture and the species of plant on 
which the animal lives. When the animals are ftiUy 
developed, they are swept from the branches of the 
plant with a squirrel's tail, and killed by the heat of the 



* Essai politique snr U nouvelle Espagnei Vol. iii. 
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Bun or hot water, dried and brought into the market. 
We prepare from them the costly carmine by the addi- 
tion of a preparation of tin, and the carmine lake (Flo- 
rentine lake) by a combination with pure alumina. 

While the ugly form, the splendor of the Their moDi 
blossom, and the manifold uses of the Cactus etroiM forma, 
plants attract general interest in a high degree, they 
are not less interesting, in a narrower sphere, to the 
Botanist. Zoologists have at all times found in the ex- 
amination of monstrosities and aberrant forms, rich 
material toward the clearing and expanding of their 
knowledge of the regularly developing organism. It is 
to be expected, therefore, that similar conditions will 
have similar value in the vegetable world ; and what 
family could be better selected for this purpose than 
tlie CactacecB^ which seems to be but a natural museum 
of monstrosities, where the forms are, in some cases, so 
abnormal, that no other name could be thought of for 
one species, but that of the Deformed Cactus (Cerevs 
mon%tT08u%), They have attracted the attention of 
Botanists on several accounts, and many peculiarities, 
both anatomical and physiological, have been discovered, 
through which they are separated from all other, even 
the nearest allied plants. The results would, indeed, be 
still much more interesting, if it were not so infinitely 
difficult to obtain the material for researches, since gar- 
deners and amateurs are but seldom inclined to devote 
their darlings to the knife of Science. 

The CactacecB have long been compelled, no hotuMi. 
in science, to serve as the prop of a state- "*"** ^™ **'• 
ment which, Altogether false, has: yet been frequently 
put forward by distinguished Botanists ; I mean, the 
assumption that many, or even all, plants are capable 
of imbibing their nutriment from the air. Even in the 
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present day has this idea been again revived with all 
the long-ago refuted reasons, by Liebig, whose Organic 
Chemistry has made so imposing an appearance. It is 
believed, that from the vast amount of watery juice in 
the Cactus tribe, joined to the fact that most of them, 
and exactly those richest in sap, v^etate on dry sand, 
almost wholly devoid of vegetable mould, where they 
are beside exposed often three-fourths of the year to the 
parching sunbeams of an eternally serene sky ; from this 
combination of circumstances, even, it is thought that 
we may the more safely conclude, that these plants 
draw their nourishment from the air, since in our own 
hot-houses also it has been observed, that the branches 
of Cactus stems, cut off-^nd left forgotten in a comer 
without ftirther ca^, fer ^QBS^ ^J^Si ^^^^ fi^quentlj 
grown on and made'«hoots^ree feet long or more. De 
CandoUe first found* the ^^night path,"^ when he weighed 
such Cactus shoots which had grown without soil, and 
found that the plant, though larger, was always lighter, 
therefore, instead of abstracting anything from th^tttmo- 
spere, must rather have given up something to it. All 
the growth takes place, in such cases, at the expense of 
the nutritive matter previously accumulated in the jidAy 
tissue, and it generally exhausts the plant to such a 
degree, that it is no longer worth preserving. It is 
that succulent tissue which enables the Cactus plants, — 
one might compare them with the Camels, — to provide 
then^selves beforehand with fluid, and thus to brave the 
rainless season. Their anatomical structure also assists 
them in this respect, in a peculiar manner. We know, 
from the experiments of Hales, that plants chiefly evap- 
orate the water they contain, through their leaves, and 
the Cactus tribe have none. Their stem, too, unlike 
that of all other plants, is clothed with a peculiar 
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leathery membrane, which wholly prevents evaporation. 
This membrane is composed of very strange, almost 
cartilaginous cells, the walls of which are often tra- 
versed by elegant little canals. Its thickness varies in 
different species, and it is thickest, and therefore most 
impenetrable in Melocacti^ which grow in the dryest 
and hottest regions, whUe it is least remarkable in the 
species oi Rhvpsalis^ which are parasites on the trees of 
the damp Brazilian forests. 

Another striking point about this group, oraucadd. 
is the formation of an extraordinary quantity of oxalic 
acid. K this acid were collected in large amount in 
the plant, it must necessarily be dead to it. The plant, 
therefore,- takes up from thQ -soil on which it grows, a 
proportionate quantity o^Upte, which combines with 
tlie oxalic acid, forming Sdgtible^j;|67Stals, which occur 
in abundance in all,^e CaSmceaii^ In some species, as 
for instance, in the Pei^^an and old-man Cactus, the 
plant contains eighty-five per cent, of oxalate of lime. 
Oxajj^ acid might* certainly be obtained with profit 
from these plants in the tropics. 

A third pecjjliarity is exhibited in the glo- Their woody 
btllar forms of Melocaotu% and Mam^llaria^ itructure. 
iitthe structure of the wood, which differs entirely from 
that of the common ligneous plants.; Common wood, 
for example that of the Poplarj is'*composed of long 
wood-cells the walls of which are quite simple and uni- 
form, and of cells, containing air, the so-called vessels^ 
the walls d which are Very thickly beset with little pores. 
Wholly unlike this, the wood of the Cactus, above men- 
tioned, exhibits only short, spindle-shaped cells, inside 
which wind most elegant spiral bands, looking like little 
spiral staircases. 



224 ^ SKETCH OF 

Tbeir Spinet. Lastlj, the hairs, spines, etc., situated in 
the places of leaves, deserve especial mention. Gene- 
rally speaking, three forms may be distingoished, all 
three usually occurring together on the same spot. The 
first are veiy flexible, simple hairs, which form a littto 
flat, soft cushion ; among these is found a bunch of long- 
ish but thin spines. These it is chiefly, which on ac- 
count of their peculiar structure, make the careless 
handling of the Cactus plants so dangerous. These little 
spines are very thin and brittle, so that they readily 
break ofl*, and are covered with barbed hooks directed 
backward from the point. When touched, a whole 
bunch at once penetrates the skin; if an attempt is made 
to draw them out, the separate spines break in the skin, 
and the fragments pierce in other places ; when the hand 
is drawn over them, they catch in, and an insufierable 
itching, terminating in a slight inflammation, spreads over 
all the parts which have been touched. The Opentia 
ferox is especially remarkable for these spines, whence its 
name, the Savage. Among the hairs and smaller apines 
arise very long and thick spines, in difierent form and 
number, which give the best characters for the deter- 
mination of the species. In some, these are so hard and 
strong, that they even lame the wild Asses which in- 
cautiously wound themselves, when kicking off the 
spines to reach the means to still their thirst. In Opun-i 
tia Tuna^ which is the kind most frequently used for 
hedges, they are so large that even the Buffaloes are 
killed by the inflammation following from these spines 
running into their breasts. It was this species also, 
which was planted in a triple row, as a boundary line 
between the English and French in the Island of St. 
Christopher. 
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This brief review may then suflSce to justify conclusion, 
the interest which this femily has now generally awak- 
ened. The closer investigation of it affords rich matter 
for the Naturalist, its manifold uses, especially in its 
native clime, worthily occupies the attention of State 
Economists ; but more significant than this, through the 
universal ugliness of form, they become for the philoso- 
pher of Nature a subject which reminds him how inade- 
quate, at present, is all that we have imagined toward 
the deeper comprehension of Nature, and how endless a 
road still lies before us, which must be traversed before 
we may venture to commence the building of a system 
of the Philosophy of Nature, if we would not bring for- 
ward, instead of scientific proof, the feir but ever fidse 
dreaifis of a poetical imagination. 
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DISTBIBTJTIOK ON THE SURFACE OE THE EABTH. 



[The following CSiapter will Mpadally want the qualitj of reoUCjf, which no pow«r of 
language ooold confer upon it. I most entreat the friendly reader to take up a good 
map of the World, and the excellent plates of Geographical Botany in the Physical Atlas 
of Berlins (and Johnston,) to supply the place of the demonstration whidh ao ooi^ 
Teniently assists oral delirery, and I will readily allow that perhaps a glaoce at thou 
plates will conrey a lireUer impression, and giro rise to as much reflection as thii 
Chapter.] 



<*The spot becomes a Paradise, 
The whole world blossoms here.'* 

OOTHX. 

** In Rome upon Palm Sunday 
They bear true Palms, 
The Cardinals bow rererently, • 
And sing old Psalms; 
Elsewhere those Psalms are sung 
'Hid Olive branches : 
The Ilolly bow supplies their place 
Among the avalanches ; 
More northern climes must be content 
With the sad Willow." 

eoTHX. 



CHAPTER X. 

If we divide the globe by a great circle into ^^ ^^ 
two halves, so that one half includes as large ▼eier'sdubof 
a surface as possible of land, strangely enough, 
London lies exactly in the center of this hemisphere. 
Could we choose a better starting point, if we would, for 

(226) 
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any purpose irfiatever, make a survey of the earth t We 
enter this metropolis of trade, we seek a relief from the 
restless traffic, in Bt. James's Park, and thence we bend 
our steps, by Carlton Terrace, into Waterloo Place. A 
party of somewhat foreign-looking men induce us to turn 
with them into Pall Mall, and to approach a handsome 
new building between the Athenaeum and Reform Club 
Houses. It is the Travelers' Club House. In England, 
every man freely follows the bent of his own humor. 
Lord John Eussell makes it his glory to be the leader 
of a Whig Parliament; O'Connell, to agitate the Irish ; 
Colonel Sibthorpe is famous for his moustache. Count 
D'Orsay for his whiskers, and Lord Ellenborough for 
his curls ; the members of the Travelers' Club covet no 
other honor but to have journeyed far and wide ; and 
the waiters of the Club House catch flying, from the con- 
versation of the guests, more geographical knowledge 
than if they had been for years industrious scholars of 
Bitter. Wherefore should we not also try to draw some 
benefit from this place? We step up to a table, at 
which sit three men in lively conversation, whose sun- 
burnt visages at once betray the eager sportsman, often 
gathering, in the pursuit of a day's whim, impressions 
which many a Naturalist would envy. 

" In the middle of October of last year," ^^ ^^ 
related one, "I was among the beautiftd huntin soot- 
mountains of Moray. Before me lay one of 
those quiet, mirror-like mountain lakes which ornament 
that county, one bank extending out into the low moor- 
land, covered with Moss and Sedge, and the white- 
topped Cotton-grass, while, on the other shore, rose pic- 
turesque precipices of gray, wild rocks, sparingly decked 
with Birches and Hazel -bushes, and sometimes rising 
into lofty cliffs, around which the cawing crows were 
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circling. The thick autamn mist gradnaUy began to re- 
treat before the sun, which made the slight hoar-frost on 
bush and copse sparkle like a thousand diamonds. The 
light vapor rolled itself up in fantastic shapes through 
th5 mountain-passes, and disclosed the neighboring hills, 
red with the heather, or hurried up higher on the moun- 
tains through the light, vigorous crests of Scotch Firs, 
which grew more and more distinct. I had been long 
tracing the vagaries of a particular, odd-shaped doud, 
when all at once the light morning breeze whirled it 
round and threw it ofl*, leaving a hill-side dear, on which, 
in quiet majesty, reclined a stag of sixteen antlers. My 
first thought was to place myself out of his sight, so I 
threw myself down and crept backward till I could only 
just see the points of his horns. His position was as 
disadvantageous as could be imagined, and my only 
hope of securing him lay in a little brook which wound 
along between ua and fell beyond, over a steep cliff, into 
the lake. By making a considerable circuit I succeeded 
in reaching its bed unnoticed ; the steep bank concealed 
me so that I could steal along, always keeping the points 
of the horns in view, to within about a hundred paces. 
Ilere I had a full view of the noble beast, as he lay there 
stretched out among the red heather and the pale green 
rushes, now and then rubbing his flanks with his horns. 
At last he rose, stretched himself and walked leisurely 
toward a turn in the brook, from which I was only sepa- 
rated by a smooth, narrow hillock, round which the 
water wound. I grasped my rifle, providently changed 
the cap, and crept along the bank till I caught sight of 
the brute some fifty paces before me, standing up to his 
knees in the water and drinking in long draughts. I 
fired at his neck, close to the head. He fell to his knees, 
but rose again and sprang up a hill, but already too fiu 
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gone for such an attempt, he staggered, turned back to- 
ward the brook, and fell apparently dead a few steps be. 
fore me. I threw down my gun, and rushed with a joyful 
halloo I and with drawn hunting-knife upon, as I thought, 
my certain booty. But scarcely had I touched the noble 
beast when he sprang up and with a th^^ist hurled me 
backward against the rock, so that I rose again with 
pain and aching limbs. I was hsilf stunned and in an 
unpleasant position. Behind me was the steep cliff over 
which the brook fell into the lake, before me was the 
angry animal, dripping with sweat and water, and, as it 
seemed, preparing for a fresh attack. Thus, for some 
anxious minutes, did we stare one another in the face, 
till I had somewhat recovered myself, and rapidly exe- 
cuting a sudden resolution, I swung myself up on to 
the bank, before my antagonist had time to thrust again. 
Then I flung my plaid, from above, over the head and 
eyes of the exhausted animal, and again threw myself 
upon him. But I did not give him the death-wound 
without a despairing struggle on his part, and then I 
sank down exhausted on the damp moss beside my 
prize." 

" It is not unusual," began the second, "for The Kang». 
• such a noble and strong animal to bring the «» i»""* *» 

1 . . . -I ^ .1 , . New Holland. 

hunter into a dangerous dilemma ; but some 
years ago I witnessed a most ridiculous scene, in what, 
without my interference, would have been a hopeless 
combat of a man with one of the weakest and most cow- 
ardly of animals. Early on one fine Sunday morning, I 
was rambling on the wide plains of Gipps' Land. My 
thoughts were wholly withdrawn from my special inten- 
tion of hunting, by the peculiarities of Nature by which 
I was surrounded. First my path led through those 
shadeless woods of New Holland, formed by the leafless 
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Oasnarinas and the Eucalyptus and Gajepnt troes^ with 
their sparing foliage, the narrow leaves of which, oddfy 
twisted, tnm not their surfaces but their borders up and 
down. With amazement I watched the strange worid 
of insects, among which a kind of locust which exactly 
resembled a straw, especially engaged my attention. 
Kext I entered on a broad sandy plain, in places decked 
with the wonderful Grass-tree.* The trunks, several 
feet high, bear on their summits a bunch of gigantic 
grass, from the middle of which the shaft bearing the 
spike of flowers rises from fourteen to twenty feet. 
Sometimes the soil was moist, and the vegetation, though 
merely low bush, almost impenetrable. Only here and 
there arose the sweet smelling Acacias,t with their 
splendid golden balls of blossom, often densely wound 
about with enormous coils of the wild Vine. J Li lighter 
spots the harp-pheasant spread its glorious feathers, and 
pleased itself by imitating all the natural sounds of this 
peculiar land, indefatigably repeating theory of the wild 
dog and the chirp of the cicada. With some trouble had 
I worked my way through this dense thicket, and had 
reached a marshy district, now, however, dried up by 
the glowing sun, and only exhibiting a few rills and 
puddles, which alternating, in strange sport of Nature, 
with dense bushes of gigantic Sedges and broad leaved 
Rushes, served as an abode for the omithorynchus. 
Among the somewhat better turf, a pleasant souvenir 
of the far-distant home, attracted my glance, the only 
one in this foreign land, and I stooped gratefully to pluck 
the solitary little Daisy, when a loud cry for help, 
mingled with shrieks and imprecations, assailed my 
ears. I hurried toward the spot from whence this sound, 

* Xanthorrhsea anstralis. f Acacia molliBsima, affinis, etc. 
X Ci88U3 antartlca. 
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80 unexpected in this wilderness, appeared to come, and 
was not a little astonished at what I discovered there. 
In the middle of a rocky pool stood a &t male kangaroo, 
seven feet high, upright on his hind legs, — on the bank 
before him lay a dog bleeding firom many wounds. I 
lifted my gun and leveled, but my attention was diverted 
by the countenance of a man which displayed itself, 
scratched and bleeding, among the rushes on the bank. 
I immediately ran to his assistance ; but while I was 
helping him out of the mud, the ' old man'* sought 
safety in flight, and disappeared. The wounds of the 
unlucky hunter were fortunately not so dangerous as 
they looked, and he soon recovered himself sufficiently 
to be able to relate his adventure. That morning he had 
set out on a kangaroo hunt, without a gun, and only ac- 
companied by his dogs. The dogs soon traced and pur- 
sued a troop, but only one of them returned to his mas- 
ter. Nevertheless, he had continued his walk through 
the woods, and soon started the ^ old man,' and set his 
dog upon him. But the knowing old creature, instead 
of flying, posted himself in that slough, and with his 
fore-paws kept the dog from reaching his body. The 
hunter, not wishing to be idle, tried an attack from be- 
hind, through the water, but the now irritated animal 
turned toward him, scratched him over the face, and 
threw him backward into the pool. Every time he tried 
to rise, the ' old man' pushed his head down again under 
water, so that if I had not come to his assistance, he 
must inevitably have been drowned. In the meantime, 
the beast had, probably in some fresh attack, disabled 
the dog, and thrown him down upon the bank. When 
the hunter had cleansed himself of the mud and blood, 

* The Mttlem oaU the male kangaroo " old man.** 
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we turned to help the dangeronsly wounded dog, and at 
length parted, each to follow his own road, the hunter 
swearing that he would never quarrel with an ^ old man' 
again without a gun in his hand." 

The leeberg " Such talos may do very well to amuse 
of Baffln'tBay. ladies," commenced the third, "but a man 
should not stoop to find pleasure in such trifles. Only 
when life is daily and hourly at stake, when peril shows 
itself in every form, can one talk of an excitement 
which shall be amusement worthy of a man ; and where 
do you find it in such a degree as in the Whale-fishery 
in the North Seas ? I recall with pleasure at this mo- 
ment a scene which nearly cost me my life two winters 
ago. We had been cruising about the entrance of Baf- 
fin's Bay for fourteen days, in fearful storms. The rig- 
ging was stiff with ice, the sides of the vessel were 
covered with great shining masses. The crew were half 
frozen, and we could not move a rope through a block 
without pouring hot water upon it. We had but little 
daylight, on account of the thick fog, and the long awful 
nights were still more dreadful, when the ship rose uphill 
over the black waves and sank Sown again into the 
abyss, so that every moment we dreaded to be shattered 
on the masses of ice which the howling storm drove over 
the roaring sea, like palely shining, foaming night- 
demons sent for our destruction. One morning, toward 
the end of the storm, after a fresh fall of snow, an ice- 
berg, five hundred feet high, approached us with fright- 
ful rapidity ; already was it awfully close to us, when 
the terrible cry arose, ' It turns 1 '* On it came, its tot- 

* The loosened moBses of Polar ice, driven by storms into lower lati- 
tudes, often project several hundred feet high above the sea, but a still 
more considerable portion remains submerged. This latter is gradually 
melted by the warmth of the wateri and then oomcB a time when the whole 
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tering summit bowing over toward our bows. Our fate 
seemed decided ; the whole of the gigantic mass was 
sinking over upon our vesBel, and must shatter us to 
pieces. We all fell on our knees, silently praying, and 
expecting the terrible moment ; even the helmsman knelt, 
but without letting go the tiller. The iceberg was 
already half-way over, when, from unequal weight of its 
lower submerged part, it turned, and a moment after fell 
into the sea a cable's length behind our stern, hurling 
the water in masses of foam over the very tops of the 
masts, and blinding us from the force with which the 
icy drops were splashed over our faces. For a whole 
minute the waves seemed checked in their course, the 
sea seemed to boil, the ship trembled and rocked, and 
even the storm seemed to be. interrupted, for the sails 
flapped against the masts, and threw off the ice with 
which they had so long been covered. Then the sun 
broke suddenly through the parting clouds, and, with 
the peculiar rosy tint of the Red snow,* a broad shore 
spread out before us, which promised a short rest to the 
wearied mariner." 

How contrasting are the pictures presented j^^^^^^ ^ 
to us by these narratives ; how it must make Nature's Bm- 
us reflect when we note, that in each of these ^^' 
three sketches the conditions of Nature, climate, plants, 
and animals, are such as could not occur in either of the 
others. Nay, the single agreement which strikes even 
the uninitiated, the occurrence of an insignificant little 
plant of our meadows in that most peculiar and foreign 

iceberg falls over, the lower end rising above the surface, while the previ- 
ously visible end sinks down. 

* On the freshly fallen snow of the Polar Begions and the highei Alps, 
a little microscopic Alga, the Pkotooocotjs kiyalis, ia not nnfrequently 
met with, whieh, with some little inftisorial animalonlcB, often tinges the 
wliole snow-field of a rosy xed oolor. 

20 
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country we have yet discovered, only serves to increase 
our astonishment. Parti-colored, rich in form and hue, 
is the tapestry of Nature, but certainly not pieced 
together, without plan, of separate patches, bnt like an 
embroidery from artistic hands, worked from a beautifal 
design. K we imagine a fly, endowed with powers of 
sense and comprehension, crawling about a costly Gk)be- 
lin, and from the colored points, which he could not see all 
at one time, conceiving a picture of the whole, of which 
he could understand and criticise the drawing and t)ie 
coloring, we should own him to be the greatest genius 
that ever lived. And in what far less favorable circum- 
stances is man placed upon the whole, earth. How 
many must here combine their observations, even to 
teach a provisional review of, and an insight into, a very 
small portion ; how many masters must yet devote their 
whole life thereto, before we shall obtain foil knowledge 
of the Whole. At present, we can scarcely do more 
than multiply the separate pictures of those sportsmen, 
and delineate them rather more minutely. 

Man's devei- -^ brcwcr's SOU, of Huntingdon, Oliver 
opment two- CromwcU, raiscd himself in a few years to be . 
**^* absolute ruler of Great Britain, and by the 

power of his mind gave law to half Europe. Tradition 
tells of a speech of his, in early youth : " He goes the 
farthest who knows not where he wants to come to." 
This saying may be thus expressed in less paradoxical 
language, a man only attains to something great, when 
he, from the beginning, takes the highest object, the 
unattainable ideal, for his aim. In this manner, we 
may take Cromweirs maxim as a guide in every sci- 
ence, and we shall find that its power is here in no way 
belied. At the first glance, a man may indeed fancy 
that it is easy to satisfy such a demand. It is so diffi- 



OF PLANTS. 885 

colt not to bring forward and to depict to oneself the 
ethical, or if it be preferred, the Christian ideal, but it 
is, at the same time, certain that nevertheless very little 
is attained to by individual men in this respect/ The 
conclusion drawn from this is, that far less depends 
upon the accurate knowledge of the aim than on the 
activity with which we strive toward it. But two essen- 
tially different stand-points are herein confounded, and 
unfortunately, this error runs through a Targe portion of 
our scientific* efforts, and brings a considerable portion 
of misconception, obscurity, and error into our judg- 
ments. The matter lies thus. On mankind, living on 
the earth, a double claim is made, in mental activity 
and development. The first concerns the ethico-religious 
element ; the second his scientific culture. The two in- 
terpenetrate and mutually support one another ; but 
their origin, their inner essence, is wholly distinct, and 
they have an infinitely different import, consequently an 
infinitely different value for mankind. 

The ethico-religious development relates to mmi's moral 
the eternal and incorruptible possession of ***"«• 
mankind, his immortal soul, consequently, to the proper, 
never-ceasing I. Here a universal and necessary claim 
is made on every man, it is the point where all alike 
before God, with equal rights to equal burdens, and 
truly equal, because the simplest self-understanding 
suffices to the object, to comprehend and express the 
ideal perfectly and purely. From the most ancient down 
to the present times, have these claims been in the same 
manner clearly and definitely set forth, only under vari- 
ous forms of expression at different times. The most 
important of all things for the individual^ of course lies 
here: to answer those claims, and in that he answers 
them, to legitimate his position as a man in the nobler 
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sense of the word, as a being destined to a higher com- 
pletion and eternal existence. Without this legitimation 
he has no right to respect, to acknowledgment of any 
kind, even though he have ascended to ever so high 
a stage in reference to the point next to be men* 
tioned. 

lull's intaiiee- The second claim made upon mankind, 
tiui btiag. relates, on the other hand, to his culture for 
his circumscribed position on earth. Here the object is 
to raise every bodily and mental power of our nature to 
a state of perfect culture, in order to £Etcilitate and insure 
the attainment of the first-named aim. To this belong 
all sciences which order and promote matters of Church 
and State, Nature and Art, pleasure and convenience; 
all, together, be they valued highly or lowly among 
men in general, stand in one and the same condition of 
nothingness, insomuch that their importance ceases with 
life, that they have worth and value only here on this 
little sun-mote, our earth. A man may have accom- 
plished great things here, but he has not the lowest 
claim to any respect or recognition if he have not obeyed 
the higher claims of morally religious culture. What- 
ever he has done as Artist, as Scholar, I take it and 
apply to my own purposes, but without thanks, as I 
place the gold-piece I find in my pocket, while I throw 
away with disgust the muddy paper in which it was 
wrapped. What is gained in that field, concludes with 
the individual, with his development always begins 
anew, and gives him, and only him, a value. What is 
gradually obtained by toil and labor here^ belongs not 
to the individual, but to mankind, and enters upon time 
there where the other ceases. The performance of the 
individual has indeed value for humanity, but it bestows 
no value on the individual. 
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' On the other hand, I cannot withhold my 

^ _ , The claims 

respect, my recognition from a noble, spi- of the former 
ritual being, who has proved his right to this 8«p«ri<»- 
recognition by morally religious life, though he have 
attained to never so little in any other branch of human 
culture. The last claim is, indeed, not necessary and 
equal upon all men, but subject to manifold modifica- 
tions according to the countless gradations of external 
conditions, of restraints and facilities. It is not univer- 
sally equal and necessary, for the reason that here, in 
direct opposition to the perception of the object, the 
proposition of the question to be solved is by far the 
most important, and of course, by him alone is a cor- 
rect answer to be expected who correctly puts the ques- 
tion. This holds good, especially, in all studies of 
Natural Science ; and it would be but a slight exaggera- 
tion to say : ask but correctly, and Natural Science can- 
not answer falsely. Its imperfection, its relatively cir- 
cumscribed position, lie solely in this, that it is so difficult 
to state the question correctly. Series of facts accumulate, 
evidently allied in their nature ; if the quantity become 
considerable, they are collected, in systematic an*ange- 
ment, into a so-called science, but the seeker HowBdenoe 
wanders hither and thither without hold or •dvwwee. 
aim ; material is heaped up, and yet science does not 
advance one step. Then comes a man eminently gifted 
with genius, or frequently even merely one happily 
favored by accident, and gives definite expression to the 
problem, for the solution of which men had been tor- 
menting themselves without knowing it ; and now all 
the mental powers of the inquirers are suddenly directed 
to this one point. Down fidl the barriers in rapid suc- 
cession, and Science advances with giant strides, till 
she comes again to a point wh^re all progress is 
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obstracted, where everywhere is met a fiat and impenetra- 
ble wall, and now the same process of deyelopment 
must be repealed anew, in a higher stage, till again a 
new leader strike on the right place, where the wall 
rings hollow, and thus betrays the possibility of a ftirther 
advance. In the domain of moral religion we haye^so 
problems, but We seek the Sciences, which insnr^ their 
solution; on the other hand, we have numerous Sci- 
ences, which ever move round in a circle, till now this 
man, 'now that, through Providence, declares a new 
object, and so they become capable of an onward move- 
ment. >^« 

Origin of . ^^ striking voucher for thiese views is 
thi* idaiiee. afforded us, for example, in the Geography 
of Plants. In the earliest days of Botany, in every de-' 
scription of a plant j^as noted the place where it was 
found, but no one ftn^cipated that these notices inclosed 
the germ of a new S^ence. The clever Botanist Tour- 
nefort, made a journey to the Levant, and in the ascent 
of Ararat it struck him, that in its gradual elevation 
above the level of the sea, the vegetation alsumed -essen- 
tially different characters, and that these changes cor- 
responded very closely with what was observed in the 
progress from Asia Minor to Lapland. Here was a 
problem stated, and eagerly was the solution sought for. 
Adanson, not less distinguished than Tonrnefort, first 
expressed the fact that the Umbelliferous plants seldom 
or never occur within the tropics ; and thus was another 
question raised, which also awaited its answer. In the 
year 1807 appeared Humboldt's "-£i«ai sur la Oeogra- 
phie des Plantcs^^^ wherein he sought to bring the ob- 
served peculiarities in the distribution of vegetables into 
connection with the specialities of climate. But it was 
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ten years later, after the mass of facts had a second 
time been heaped up, without men knowing how to 
make anything really new out of them, when Humboldt 
made the last step ; comprehending the whole earth in 
one intelligent glance, he made the Geography of Plants 
part of a theory of the earth, and sho.\iv^*the depend- 
ence of the distribution of plants, on. a great scale as 
on a small, upon the physical qualities of the globe. 
But by this there was., nq Science perfected, merely its 
foundation laid ; it ba^^i^^Qquj^r^ a determinate point of 
departure, but'WhatitsVSpaVarm shall be is at present 
difficult, evfeti. where itls possible 4abK,un^^ At least, 
it is very easy to point but, in? c^irtpJin instances, that 
fully half the phenomena give as y^,no hint, whence, 
from what circle of natural laws, the grounds of their 
explanation are to be drawn. 

No Oranges grow this side the Alps. ,The LooaMtios 
Grape does not ripen beyond the latitude of dependent on 
Berlin. In Schoonen, and in the most south- *®™p®'***^* 
em point of Norway, the Beech attains its most northern 
Labitatiorr. From Bjornoe, northward of Drontheim, a 
line extends across Norway, through Jamtland and Her- 
jedalen, which intersects the east coast of Sweden at 
the most northern partof Gefleborg, and is the boundary 
beyond which the cultivation of Wheat cannot be ex- 
tended northward. Higher up, the Fir forms the woody 
vegetation ; but where even the easily satisfied Birch 
will no longer thrive, a short but at least occasionally 
warm summer, allows of the culture of the quick-grow- 
ing Barley. It is not difficult to find the explana- 
tion of all this series of facts ; they are altogether 
dependent on climatal influences, and accurate inves- 
tigation of the conditions of temperature quite suffices 
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to afford an explanatory account of all these drcum- 
stances. 

Looauties Vcrj different is it with the following phe- 
yet inexpuofr- nomcna. From the southern point of Africa 
^^ to the North Cape in Mageroe, the Heaths 

extend throughout the Old World, merely leaping over 
the proper tropical regions. With the same latitudes, the 
same climate and similar conditions of soil, we find not a 
single species of true Heath in all America. Other 
allied plants replace .them, plants which at least belong 
to the same family (the Ericaoece) ; but if we go to 
Australia, we find under corresponding conditions, not 
one Ericaceous plant, but in their place appears an allied, 
but wholly peculiar family of plants, the Ejpacris tribe. 
In a little comer of Asia grows the Tea-shrub, and it is 
certainly not the absence of corresponding climatal in- 
fiuences in all the rest of the world that confines the Tea 
to China. In a small girdle on the Andes of the north- 
em half of South America, grows the race of Peruvian 
Bark trees : is there no spot on all the earth in which 
the like conditions of temperature and soil coincide ? 
Enough, even one single example would suffice to call 
attention to the -fact, that there exists upon the globe a 
mode of distribution of plants, which is not produced by 
the conditions of vegetation at present understood, nor 
can be explained by them. We here obtain, side by 
side two wholly distinct groups of known circum- 
stances, which refer to the same plants, for every one of 
these exhibits in its own way, both kinds of distribution. 
Side by side, lie a soluble and an insoluble problem, the 
former soluble because the question can be stated defi- 
nitely, and has been stated by A. von Humboldt, namely 
— the Dependence of the Distribution of Plants on the 
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Fhysical Conditions of the Earth — ^the second insoluble, 
because no definite proposition can be laid down which 
the inquirer may apply himself to elucidate. In regard 
to the first, therefore, we can bring the collected fiwts 
into explanatory coherence ; fi^om the second point of 
view, on the contrary, we obtain nothing but an aggre- 
gate of incborent &cts, at present incapable of any ex* 
planation, but perhaps having even on that account so 
much the greater claims on our interest. With permis- 
sion I shall slightly sketch the conditicms of plants on 
the earth's surface in both relations ; and in conclusion, 
delineate with somewhat greater completeness, aa U 
were as a more fdlly perfected example, the distribution 
of the most important nutrient and economic plants upon 
the globe. 

THE DEPENDENCE OF THE DISTRIBUTION OF PLANTS 

ON PHYSICAL CONDITIONS. 

We must here take our departure firom the 

TbrMpointi 

smallest, most limited circle, in the intention in noni o«>. 
to spread ourselves at last over the whole «**P**y- 
earth. The origin of the comprehensive- Geography o[ 
Plants was no greater thing than the daily question : 
Where does the plant grow i And every Botanist treats, 
more or less superficially, a chapter of the so-called habi- 
tations, the place of growth and the native country of 
the plant. Through these small beginnings of Science 
have light and order gradually come into our conceptions, 
and much indeed still remains intricate which the future 
alone can explain. Two essentially different points 
have to be distinguished. The Heath plants Qeowai* 
oecur on dry, sunny, sandy plains ; they eo^^ ouhe HMOk 
tend from the Cape of Good Hope, through ^^*"* 
Africa, Europe, and northern Asia, to the extreme limits 
21 
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of vegetation in Scandinavia and Siberia ; th^e plants, 
are distributed in this great regi9^.; an such a manner 
that South Africa has innumerable^ifistinct species, of 
which, however, never more jBian a IbW individuals grow 
side by side, that then, toward the north, the number 
of species "Suddenly diminishes in an important de- 
gree while the number of individuals increases, till at 
last, in the north of Euii^De, a single species, the com- 
mon Heather,* ^verspreaSos^kote countrieff^-in millions 
of single individi^. ..Im^^ Mi0t place, we readily see 
that^only the fir§t^4etd!nftiil^tion, that of the occurrence^ 
relates necessaril^t^4ach individual ; wMfe ^ fci the 
contrary, the rarCffepfifi^tensionyBJidL^^Q ^^^>f ^^ 

. tribution indicate cai^es whicl^flive scan^p^ny impor*' 
taace in <referendi|to the migle individual, but very ^reat 
in relation to the larger ^oups of plants, which we call 
species, genus, tribe, etc. From this it follows that the 
former only, the occurrence of plants, is related wholly, 
while the other two are related but partly to conditions 
explicable by physical induence ; y»fc we must, at first, 
keep more to that arrangement, since it is strictly logi- 
cal, which will remain fixed for ages to come, while, of 

, course, the last arrangement only holds good for the ex- 
isting condition of Science. When we review the various 
influences upon which the life and healthy vegetation of 
a plant, are, according to our present physiological know- 
edge dependent, we quickly find that only a small num- 
c^;aBeBot ^®^ of physical forces are as yet detected by 
yegetation ut- ns, iu their action on the organism, that on 
' the other hand, a proportionately large num- 
ber at present altogether baffle our endeavors after a 
more accurate comprehension of their action, although 

* CaUuna yulgaris. 
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we may safely assert that the life of the plant is, and 
must be, as mnch^^j>endent on them as upon tSe others. 
Merely by way of example,.! will mention light, electri- 
city, and the pressure of the'atmosphere. jJThe two first 
as continually in action in every chemicaTprocess ; the 
last, of essential importance in all the process^ ; and rela* 
tions between gases and vapors, must likewise powerfully 
affect the life of the plant, whloh consists in progressive 
chemical combinations and separations, in continual ab* 
sorption and excretion of VBpors and gases. The Kow is 
as yet a complete mysteiy to us, and many of thf at 
present wholly incomprehensible<x>ndltions in extension 
and distribution of species, may sooner or later find suf- 
ficient explanation in tiiiese influences. 

If firom the snow-covered ipe-plains^nof the The azcUo 
extreme North, where "the Red-snow Alga ^°'** 
alone reminds us of the existence of vegetable organiza- 
tion, we turn toward the south, a girdle first expands 
before us, in which Mosses and Lichens clothe the soil, 
and a peculiar vegetation of low plants with subterra- 
nean, perennikl stems, and generally large, handsome 
flowers, the so-called Alpine plants, gives a special cha- 
racter to Nature. Almost all the plants form little flat: 
tened, separate tufts ; Pyrola Andromeda^ Pedioularis^ 
Cochlearia^ Poppies, Crow-foots, and others, are the 
characteristic genera of this Flora, in which no tree, no 
shrub flourishes. Leaving this region, which Botanists 
call the Eegion of Mosses and Saxifrages, or atlker one 
of the founders of Geographical Botany, Wahlenberg's 
region, we go southward, and at first we see zone of the 
little low bushes of Birches, then more com- oonifert. 
pacted woods, into which the Fines and other Ooniferons 
trees assemble, and we at last find ourselves in a second 
great zone of vegetation which is characterized by the 
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woods coDBiBting almost exclusively of Conifers, which 
thus impress a peculiar character upon the Flora ; Firs 
and Pines, Siberian Stone-Fines and'Larches, form great, 
widely-extended masses of forest ; by brooks and on 
damp soil, occur the Willow and the Alder. On dry 
hills grow the Beindeer Lichen and Iceland Moss. In 
the Cranberry, Cloud-berry,* and the Currant, Nature 
gives spontaneously, though sparingly, food ; and a rich 
Flora of variegated flowers serves for the decoration of 
the zone, which stretches, in Scandinavia, to the already 
mentioned northern limit of the cultivation of Wheat, 
but in Kussia and Asia, almost to Kasan and Yakutzk ; 
we will call it the zone of the Conifers. Even in the 
neighborhood of Drontheim, the culture of fruits begins, 
though sparingly ; soon appears the sturdy Oak, called 
with rather too much poetic license " the German ; " in 
Schoonen, Zealand, Scleswick, and Holstein, flourish the 
first woods of Beech. In about the latitude of Frank- 
zone of De- fort-on-the-Maine, another tree joins company, 
dduoua Woods, ^hich, in its bold picturesque mode of branch- 
ing, takes its stand beside the Oak — which in the beauty 
of its foliage, as well as the utility of its fruit, it far sur- 
passes — namely, the noble Chestnut. The Pyrennees, 
the Alps, and the Caucasus form the southern limit of 
the zone, in the more eastern portion of which the Lime 
and Elm contribute so abundantly to the composition of 
the forests, that the former even withstands the devasta- 
tion which the Esthonians make, in the manufacture of 
their shoes from its bass. In the hop, the Ivy, and the 
Clematis, we find here the first representatives of the 
tropical climbers. The smiling green of the meadows 
alternates with the gloomy shadows of the forests ; and 

*BalmB Chamnmoms. 
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Man has taken possession of the earth, restraining the 
wild vegetation to that absolutely needful for wood and 
hay, and rich ciops reward his industry. We leave this 
zone of the Deciduous Woods to scale the rocky 
barrier of the Alps, with which a wise Provi- ^^^ 

dence has confined the German on the south, ^ Bvergwen 
which he too inquisitively scaled to fetch from 
the sensual and corrupted South infinite miseiy, and a 
chronic sickness wasting his people for centuries. Here 
suddenly appear quite different plants; with the great 
woods of trees, the coriaceous shining leaves of which 
last through the mild winter, and round the mighty 
stems of which climb the Vine and fiame-colored Bigno- 
nias, unite the similar bushes of Myrtle, Tinus, Arbutus, 
and Pistachio. Here and there the dwarf Palm is met 
with; Labiate plants and Crucifers, and fair-fiowered 
Kock-roses replace in summer the spring Flora of scented 
Hyacinth and Narcissus ; but rarely, even in the most 
favored spots, is the eye, dazzled by the brilliancy of 
ever-green leaves, or the glaring play of color of the na- 
ked, jagged mountain chains, gladdened by the mild ra- 
diance of verdant meadows. In recompense, mankind 
has, in this zone of Evergreen Woods, seized upon the* 
fruit of the Hesperides. It is 

" the land where the Gitrbns blow, 
Through the dark>green leaves the gold Oranges glow." 

But onward, ever onward strives the insatiable son of 
lapetus ; no legend of African deserts, no death-news of 
the many adventurous travelers who have zoneofth* 
gone forth to seek the source of the Niger, Tropical iiora. 
fiighten him back. On the west coast of Africa, in the 
Canary Isles, is, indeed, no longer found the gigantic 
dog, from which, as Pliny told, the islands derived their 
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name, but Mora gives for booty richest treasures which 
she, by aid of the tropical sun, has succeeded in extract- 
ing from the soil, moistened by the vapors of the ocean. 
Bound Sycamores twine mighty Cissus stems ; Gapers 
and Bauhinias interlace in the thickef^s of balsamic 
shrubs. The slender Date-palm soars aloft, and the 
Baobab grows up into gigantic masses of wood. The 
wondrous Cactus-like forms of the leafless Spurges, dis- 
tinguished by their poisonous or pleasant-flavored, sweet 
milk, as the case may be, betray a peculiar formative 
power in Nature ; and the Dragon-tree in the garden of 
Orotava, in Tenerifle, a gigantic arborescent laly-plant, 
recounts to the musing listener the traditions of thou- 
sands of years. 

Like«meeon Six zoucs of vcgctatiou havc WO thus 
Mountains, passcd through, in which the continually in- 
creasing temperature of the climate called forth ever a 
diflFerent, ever a more luiniriant vegetation, and we con- 
clude our wanderings, after a short rest under the five- 
thousand-yeared Dracsenas, by climbing the Pic of 
Teyde. Man has taken possession of the soil of the 
plain at its foot, and dislodged the original vegetation. 
-Through vineyards and Maize-fields we ascend, till the 
shades of the evergreen Bay-laurel surround us. Trees 
of the Lace-bark tribe and similar plants succeed ; we 
wander for a time through a zone of evergreen forest 
trees. At a height of 4,000 feet we lose the plants which 
had so far accompanied us. A very small number of 
peculiar plants mark a quickly traversed zone of deci^ 
duous trees^ and we come among the resinous trunks of 
the Canary Pine. A zone of Conifers shields us from 
the sun's rays up to a height of '6,000 feet, then the 
vegetation suddenly becomes low, — ^from humble bushes 
it passes into a Flora which bears all the characters of 
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the Alpine plants, till finally the naked rock sets a limit 
to all organic life, and no snow and ice bedeck the sum- 
mit of the mountain, only because its height of 12,236 
feet does not, in a position so near the tropics, extend up 
to the region of eternal snow. Counting by the limits 
of vegetation, we have re-suj^eyed in a few hours' climb, 
the wide way from Spitzbergen to the Canaries, an ex- 
tent of more than fifty degrees of latitude. 

In the whole way, down^fard toward Theaewnes 
the south and upward ;j^ toward the sum- depend on cu- 
mit of Teyde, vegetation changed conformably 
with the climatal conditions, iiod we can almost account 
for the observed flistribution of plants by the mere in- 
crease and diminution of heat. K we extend our re- 
searches farther, we can even name particular plants 
which are peculiar to particular northern latitudes, and 
in lower latitudes again regularly recur at particular 
heights on the mountains. Nevertheless, this case is 
comparatively of rare occurrence, and we are finally 
compelled to refer instead to another influence, less or 
scarcely at all understood. When we find places in the 
tropical mountains, which, in reference to moisture and 
temperature, as well as to the constitution of the soil, 
exactly correspond to certain places in northern latitudes, 
and which in spite of this support a vegetation, which 
is, indeed, similar in general character, but wholly dis- 
tinct in the genera and species, nay, when we notice that 
the agreement between northern latitudes and elevation 
above the level of the sea in southern latitudes, can 
be superficially demonstrated only up to a heighrof 
about 6,000 feet, we are thereby directed to attribute 
an essential influence to light, pressure of the at- 
mosphere, etc., even though we may not be able to 
unfold the how. 
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TiMdistrnm- We get the most definite notion of inch a 
ikm of H«st foture development of Science, when we make 

•o the globe. '■ ' 

a close survery of its past progress, and thus 
become aware how the gradually increasing accnracy of 
the knowledge of determinate physical conditions, has 
also rendered explicable here, many phenomena which 
previously were very enigmatical. This is most 
strikingly shown in the doctrines of the distribution of 
warmth on the globe. Originally, as in the cases of 
Halley, Euler, and others, the attempt was made to refer 
this distribution to the position of the earth in relation 
to the snn, a proceeding which, for the moment, ap- 
peared very admissible, since the sun is actually, if not 
the only, yet certainly the most essential source of heat 
to the earth. But in what violent contrast the so- 

• 

obtained results stand to the actual phenomena. Under 
such considerations the temperature must naturally de- 
crease regularly with the increasing latitude ; but wh^ 
the Kussian army, on the march to Chiwa, perished from 
cold under the 40th degree of latitude, in the Faroes, 
under the 62d degree, the sheep remain at pasture 
through the whole winter. All such calculations have, 
in fact, only value under the assumption, that the whole 
earth is equably and homogeneously covered with sub- 
stances on both sides of the equator, which substances 
always have an exactly similar relation to the heating 
rays, and, finally, are alwaya at rest. Now not a single 
one of all these conditions is fulfilled. We were, there- 
fore, directed to immediate observation. It was found 

Mean Tem- *h^* ^^^^ ^ ^^® ^^^^ ^^^ differently distri- 
pentore, how butcd, iu reference to season, yet the same 
place had pretty nearly the same temperature 
every year. If, for example, the average number of de- 
grees of heat are taken fix)m a number of daily obser- 
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vations, and tiiese average numbers collected for every 
day in the year, and again another average drawn, this 
last average varies but few degrees from that of the pre- 
ceding or following year. Taking a greater nunAer 
of years, for instance^ twenty, a value is obtained, which 
differs scarcely the tenth part of a degree from the fore- 
going or succeeding twenty years. 

Humboldt then first arrived at the ingenious idea of 
connecting, by a line upon a map, all the places upon 
the globe which have the same mean temperature, ob- 
tained by the mode of estimation just described isothemMa 
(Isothermal Lines, or lines of equal heat) ; ^^«^ 
and now it was found, that although the curves of these 
Isothermal Lines deviate so much from the parallels of 
latitude, yet the boundaries of vegetation cling much 
closer to them than to the latter. But many riddles yet 
remain unsolved. Drontheim, for instance, has the same 
mean temperature as the modt soudiem point of Iceland ; 
the Hebrides, Orcades and Shetland Islands have 
something like 5** higher mean temperature. Never- 
theless, in Drontiieim fruits and Wheat are still cultiva- 
ted, while the growing of Wheat first begins at Inverness 
in Scotland, and of fruit still farther south. Thus in- 
quirers were at last led to draw within the circle of their 
investigations the distribution of heat within the Sea- 
sons, since it is evident thatjihe vegetation is often more 
essentially determined by this, than by the mean tem- 
perature, or sum of the heat which it receives. The 
mean summer and winter temperatures are now esti- 
mated in the manner indicated, and the places which 
agree in these relations are connected in the same way 
By lines — Isotheral (lines of equal summer heat) and 
Isochimenal (lines of equal winter cold). Now Dron- 
theim, for example, has a mean winter cold of 24^ 84', 
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._ , ^ while the Faroes have a mean winter tanpera- 



tore of aT"" 4', and the Shetland Ishinds 39^ 
^*'**^- 12' ; bnt the mean summer heat of Dron- 
theim amounts to 60^ 5', while in the Faroes only to 
50^, and in the Shetlands to 52^ 4'; and therefore 
neither Wheat or firuits ripen, although the latter will bear 
a much more severe winter temperature than 24o 
M\ At Moscow, which has an excellent v^etation, 
the mean winter temperature is 13^ 51'. The 15 d^rees 
more northern Mageroe, situated quite beyond the 
limits of cultivation, has a mean temperature of 24^ ; that 
of Astracan, 10 degrees more south than. Moscow, and 
where both the Vine and Maize flourish,^ the same. 
But the mean summer heat of Mageroe is 42^ 55', that 
of Moscow 61° 4', and that of Astracan 71° 36' ; and it 
is altogether the heat which prevails during the season 
of veo^etation which determines the conditions of the 
plants. In annual plants, or to speak more correcdj. In 
summer plants, the matter is self-evident; and perennial 
plants mostly enter in autumn into a condition of in- 
activity, an actual hybernation, which allows of their 
suffering severe degrees of cold without evil results. 

Work for But in spite of all the researches we have 
the Naturalist, j^q^ nearly attained the mark; it will be the 
duty of the next generation to break up the divisions of 
mean summer and winter temperature still further, into 
the mean temperature of the single months, since the 
half-yearly sections are far too large to admit of an ac- 
curate comparison of the vegetative periods. Very 
probably the result will be, not merely to discover what 
temperature the plant generally requires during its stage 
of vegetation, but also essentially, how this temperature 
is distributed over the epochs of germination, growth, 
blossoming, and maturation of the firuit. Here, aB 
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eyerywhere else, the acnte Naturalist sees endless labor 
before him, and onlj the ignorant prater thinks that he 
knows something, jnst because his weak eyes can reach 
no farther than the book, from which he has so labori- 
ously collected his crumb of wisdom. 

In former Chapters have at least been influennQr 
touched upon, the chief points on which de- **** "^• 
pend the Life of Plants, their variety on the globe, 
and consequently the variety of vegetation. The expli- 
cable life of the Plant is, formation of organic matter out 
of inorganic compounds. The plant is therefore depen- 
dent on the condition of the soil, in the widest sense of 
the word, on the store of nutriment it contains, and on 
all that influences the chemical process of formation, 
consequently, above all, upOn a determinate temperature. 
Now that I have, in the foregoing paragraphs, treated 
of the conditions of temperature, I will here briefly con- 
sider more minutely the influence of the soil. Usually 
two very different so-called stations of plants have been 
distinguished, but they have never been, properly speak- 
ing, defined accoxi^g to physiological principles. 

The universal, Sli^pensable nutrient substance of 
plants, and at the same time, the matter by means of which 
aAl the rest are conveyed into it, is water. With- influence of 
out water there is no vegetation. - This element ^»**'- 
of the ancients presents itself to the plant in three dif- 
ferent forms, and according to these must we, above all 
things, discriminate the stations of plants. The Orchi- 
daceous plants of the tropical forest let their peculiarly 
constructed roots hang down from the branch to which 
they cling, in the moist, warm atmosphere, and absorb 
water in the form oS vapor. Our Water-lilies and the pro- 
per bog-plants will only flourish when surrounded by liquid 
water, or at least, with their roots dipping in it. The 
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case is qnite different with the great majority of plants ; 
they have to extract their nutriment from tiie earth, 
which contains the moisture to be absorbed into them in 
a peculiar condition. If to these three classes of Air,* 
Water, and Earth -plants, we add one more, namely, the 
true Parasites, which like our Dodder, draw their or* 
ganized nutriment from other plants, we have obtained 
tiie principal divisions of stations. 

Boinbie In- Ncxt oomc the subdivisions, which are de« 
i^"****^ termined by the matters which the water holds 
in solution and thus conveys to the plant. I have 
already decided that carbonic acid and salts of ammonia 
must always be present among these, to render v^eta- 
tion possible. Perhaps even here the more or less of 
these two ingredients and their relation to each other, 
may make a distinction which we are not yet in a posi- 
tion to estimate. The relations of the inorganic consti- 
tuents, the salts dissolved in water, to the plants, are 
more evident to us. 

Twooppo«ite Science has in this very point gone astray 
errors. jjj ^^q most Varied and opposite directions. So 

late as the commencement of the pMsent century, there 
were men who asserted, that plants ofmld themselves form 
all their organic and inorganic constituents out of air 
and distilled water. Superficial experiments, which yet 
were crowned by academicians devoid of judgment, fan- 
tastic prating, instead of logical accuracy of thought, al- 
lowed such distorted views to obtain a temporary worth 
among a number of naturalists. Subsequently, the error 
was in the other extreme, for there was an inclination to as- 
cribe a peculiar Flora to each geognostic formation ; and 
this last error even yet haunts the agricultural doctrines 
which would determine the goodness and intrinsic worth 
of a soil by the plants that grow upon it. Truth here 
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liee between the two extremes. I have already had oppor- 
tanitj to demonstrate what yeiy different amomits and 
kinds of inorganic matters plants demand in their vege- 
tetion. When we find that the ashes of Lnceme, of To- 
bacco, of doyer, contain more than twenty per cent, of 
lime and magnesia salts, we cannot be surprised if we 
do not meet with them on pnre sandy soils containing 
scarcely a trace of lime ; bnt it would be drawing a false 
conclusion from this, to say that the Muschelkalk, or the 
Keuper-limestones, or the Jura-limestone, or any other 
calcareous stratum of any given formation, is exactly the 
proper soil for these plants. That a plant like the great 
Sugar-tangle,* which is so rich in soda, iodine, and bro- 
mine, occurs only in the sea, and not in fresh water, 
where soda is very sparingly, and iodine and bromine 
not at all present, is certainly easily conceivable. But it 
is certain, at the same time, when we decide ^^ ^^^ 
upon the soils on a large scale according to ••'^***' barren, 
geognostic principles, that there are very few plants cha- 
racteristic of particular constituents, and this relation is, 
indeed, neither lApiatural nor necessary. In the next 
place it may be alHB|d that all plants contain the same 
constituents in theH^nes, but in very different propor- 
tions. On a soil, th^Rfore, composed purely of one kind 
of earth, for instance, lime, silex or gypsum, no plant at 
all could flourish. Every soil which bears plants con- 
tains also in its composition all the substances required 
by all plants, only the proportions differ, and the pre- 
dominance of silex, lime or common salt, must conse- 
quently favor especially the growth of Grasses, Pulses, or 
Shore-plants, although these are by no means exclusively 
confined to the proper sandy or calcareous soils, or to 
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the sea-side. In reference to this {)oint, I know really 
no other plants than the carbonate of lime plants, the 
gypsnm and salt plants, which I conld bring forward in 
evidence. ^ 

In addition to the chemical conditions, there is yet an- 
other, which modifies the former and, where it brings 
about the same actions, contributes to -chain particular 
plants so much the more firmly, exclusively, to particu- 
lar soils, or contrariwise, also contributes to conceal or 
obliterate the connection between plants and the chemi- 
cal nature of the soil. This consists in the mechanical 
condition and physical peculiarities of the soil. There 
inflaenoe ^® plants which will Only settle on unbroken 
of mechanical TOcJcs^ which.. whcu the othcr conditious 
**°*"^°' coincide, spring from these rocks over on 
to our walls, like the Wall Rue Spleenwort,* a little 
Fern, the name of which denotes its ^station. Others 
occur only where weathering has broJ^en up the solid 
rock into small fragments, drift plants, which clinging 
to mankind, select rubbish heqps^ wUch most resemble 
their natural station ; our great Nejjj^fcnd Henbane may 
serve as examples. Lastly, oJI|fl|plaDts grow only 
where the rocks have been redijj^p to fine powder, in 
sand or in the fine-grained claffjproduced by chemical 
decomposition. The so-called German Sarsaparilla, the 
Sea-reed, t is an example of the first condition, but 
there is no definite condition corresponding to it in the 
vicinity of human habitations^ Clay, on the other 
hand, stands beside the black substance, humus, result- 
ing from the decomposition of organic matter. Both 
rich in soluble salts, important to vegetation, both dis- 
tinguished in regard to their property of absorbing from 



* Aspleninm Bnta muraris. f Ammophila arenaxia. 
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the atmosphere, and thus conveyiiig to the roots of 
plants, gases and aqneous vapor, they cause, singly or 
in combination, the most luxuriant yegetation. We 
thus obtain three stages in reference to the Thi«e quaii- 
qualities of the soil ; pure earths, wholly de- tf«of «>»• 
void of vegetation — mixed earths, without clay or 
humus, with an arid but characteristic vegetation — and 
lastly, soil rich in day and humus, with the greatest 
abundance and variety of plants. .Even in the north, 
the eye of the uninstructed observer is struck by the 
greater richness and stronger development of the vege- 
tal^le kingdom, upon the argillaceous, basaltic, and 
porphyritic soils, and simple <{uartz sand is, under the 
tropical sun, a desert, if waiter and therein foreign 
matters be not furnished ^to it. - 
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DISTKiJPBtrTION (Jp PLANTS UPON THE GLOBE WITHOUT 
DEM0NSTRABi5R DEPENDENCE UPON PHYSICAL CON- 
DITIONS. • . \ 

Introductory In ^c nar^jfe^m introductory to the pre- 
«^p»«»' sent Chapter, I Mve \ already noticed that 
Australia has, in common witli-^urope, a very common 
plant, the Daisy. The same little flower is found in 
northern Asia, in some regions in Africa and South 
America, and where it occurs, it climbs the mountains 
from the level of the sea up to the snow-limit. The 
little Enchanter's Nightshade, the delicate Linnsea, the 
Bitter-sweet, the Bird's Knotgrass, the blue Gentian, 
the Dwarf Birch, and the Herbaceous Willow,* and 
several others, are indigenous both in Europe and North 

* Circsea alpina, Lbuiflea borealis, Solannm doloamarai Poljgonnm avi- 
oulare, Gentiana Pneumonanthe, Betala nana, Saliz herbaoea. 
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America. The common Self-heal, the Dnckweed, and 
our Reed,* grow in New Holland. The Bog-mossf 
covers the moors of Pern and New Grenada, as well as 
those of the Hartz, and of DovreQeld in Norway. The 
brownish Parmelia!]; which clothes all onr walls, palings, 
and old trees, is no less present on the only ninetj-jears- 
old Yoriillo§ in Mexico. The Blnish 6ristle-gra88,|| 
which is one of the commonest garden and field weeds 
on sandy soils with us, grows also in the interior of Bra- 
zil on suitable soil. A characteristic plant of our sea- 
shores, and the vicinity of salt-springs, Utippia mart- 
tima^ grows equally on the northern coast of Germany, 
in Brazil, and the East Indies. But it is needless to 
accumulate examples, for these so hasten to present 
themselves, that the view finds some support in observa- 
tion, which assumes that every plant must existin every 
part of the globe where the known conditions of its 
vegetation, are present. But on that account have I 
placed those three scenes at the veiy commencement of 
my disquisition, so as to draw attention beforehand to the 
point, that exactly the cases just mentioned, which, at 
first sight, appear to be natural and necessary conse- 
quences of vegetable organization, only occur as rare 
exceptions thereto. Even the little Daisy exhibits a 
certain willfulness. It is wanting all through North 
America; and that which we tread down as an insig- 
nificant weed in our meadows, is there reared with the 
most tender care.in the Botanical Gardens. If we pass 

* Prunella vulgaris, Lemna minor, Phragmites communis. 

t Sphagnum palustre. 

X Parmelia subfusea. 

S A mountain of lava, 1600 feet high, thrown up by ft volcanic erup- 
tion, which occurred in the year 1759, in the midst of the elevated plain 
of Malpins, 125 milee from the sea. 

I Setaria Glauoa. 
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in review the vegetation of different ooon- „ 

JtjOHUI BuIUr 

tries,. we see that causes appearing similar nr, but not 
in onr present knowledge of them, hting **«»»**«*i- 
forth indeed similar^ but bj no means the dame forms 
of plants. To the plants of a particular northern lati- 
tude correspond in the analogous height of the Alps, 
situated southward, other species of the same genera, 
or other genera of the same family ; or the plants of 
America are represented in the same latitudes in the 
Old World by plants which are different, but closely 
allied in their development. Nay, even plants which 
belong to totally different families, assume, at least in 
their outward appearance, similar shapes. Thus the 
Oaotus plants of the New World correspond to the leaf- 
less fleshy Spurges of the torrid Africa. 

If, again, we anticipate that a greater ^.^ ^^ ^ 
variety of conditions of vegetation is the explicable dit- 
cause why the variety of vegetation, the " ^ 
number of species of plants, continually augments from 
the pole toward the equator, and that on the same ac- 
count the number of sociably growing plants, of species 
which clothe great tracts in countless individual speci- 
mens, also increases in the same measure, we find that 
we are still far &om being enabled to give a scientific 
account of the matter. It seems to us wholly the result 
of caprice, that particular plants are distributed widely 
over the globe, while otiers must live cribbed in 
the narrowest spot, as, fur instance, the Wulfenia, 
occurring exclusively on the Carinthian Alps ; that par- 
ticular families, like the CompositoB^ flourish abroad 
over the whole earth, while others, like the Peppers and 
the Palms, only occur between very definite degrees of 
latitude on either side of the equator, the Proteacem 
only in the southern hemisphere, tiie Oactus tribe only 
22 
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in the western half of the earth. Jnst as inexplicable 
is the mode of distribution of the families of the plants. 
While the Palms diminish in number from the equator 
into higher latitudes, the CornpoHtm attain their highest 
development in the zones of mean temperature, their 
number of species diminishes from these in both direc- 
tions, equally toward the equator and toward the poles ; 
while, finally, the Grasses increase constantly from the 
equator toward the poles. 

But there yet remains to be brought forward a pecu- 
liar mode of consideration, according to which the dis- 
tribution of the families is usually determined. 

^^ The Sedges, for example, appear to the 
innee and number of 134 spccies in the Flora of France ; 
Inland. jjj |.j^Q Flora of Lapland, on the contrary, 

only to 55. France is therefore unquestionably richer in 
species than Lapland. But the matter stands in a diffe- 
rent light when we consider these plants in relation to the 
total vegetation of the two countries, and since by this 
means we come to comprehelld the characteristics of the 
region of vegetation, we can only allow this mode of 
consideration to be valid. France possesses altogether 
about 4,500 Phanerogamous plants, and the Sedges con- 
stitute only jV^b ^^ these ; the Phanerogamia of Lap- 
land are confined to some 500' species, and the Sedges 
form |th of these. The Sedges are therefore a much 
more essential part of the Lapponic Flora than of the 
French ; the former has a relatively larger number of 
species than the latter. This it is alone that is under- 
stood by the increase of species in a given direction. 

Regions of This, to US inexplicable, mode of distribu- 
piants. tion of plants, according to species, genera 

families, orders, and classes, gives rise to certain pecu- 
liar regions on the globe, which are characterized by the 
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prtdominance of certain forms of plants, or by the ex- 
clusive occurrence of particular families. These por- 
tions of the earth's surface, of which we at present 
enumerate about 2S, are called Geographical Kegions 
of Plants, and to them have been applied the names of 
the men who have made themselves especially &mou8 by 
the investigation of these places. 

I have already alluded'to the region of wahienborg»8 
Saxifrages and Mosses, or Wahlenberg's Region, 
region, which extends from the eternal snow of the 
poles, or the summits of the mountains down to the 
limit of the growth of trees, and is distinguished by the 
absence of arboresceM plants, and even of the taller 
slurubs. Adjoining this <K)mes the great Th»tof 

Linnsean region, including northern Europe ^^»^ 
and northern Asia, to the great chain of mountains 
which extends from the Pyrennees to the Alps. Woods 
of Conifers, or Deciduous trees, luxuriant meadows and 
broad heaths,, in Asia the peculiar salt steppes, espe- 
cially determine the characters of this region, which, at 
least in its European portion, is now too widely taken 
possession of by culftvation t<J exhibit its natural physi- 
ognomy. 

The wide basin from the Alps to Atlas, the That of 

deepest part filled by the Mediterranean Sea, ^ candoue. 
forms a third region, distinguished by the abundance 
of aromatic Labiate plants, fair, but fleeting Lily plants, 
and the resinous Kock-trees. The solitary Dwarf-palm 
and Balsam-trees denote in this De Gandolle's region, 
the transition to the tropics. 

Parallel to the two last-named regions, That of 

North America is divided into 4' Qorthem >««*»«»• 
region named in honor of Michaux, distinguished by 
peculiar Oonifers, Oaks and WalnutB, by imiiimeirable 
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Asters and Gtolden-rods, from the Linnffian re^on, and 
That or a Bonthem, Pursh's r^on, in which most 
^'''^' strikingly appear the trees with broad shining 

leaves and large splendid flowers, like the Tulip*tiee, 
the Magnolia, and others, defining the character. 

Between Eampfer's region, comprehending China and 
Japan, Wallich^s in the highlands of India, and the 
Polynesian, or island region of Reinwardt, renowned 
That of for its Poison-tree and its Giant-flower, liea 
Bozbaxgfa. Boxburgh's region, which extends through 
both the Indian peninsulas, which conceals among the 
shadows of the monster Fig-trees, the Scitaminctoem^ or 
Aromatic Lilies, like Ginger, Cardamoms and Tur- 
meric, or in little woods of aromatic Barks, like tiie 
Cinnamon and Cassia, matures in thick shapeless stems 
the starch of the Sago. 

We pass over Blame's region in the mountains of 
Java, Chaftiisso's in the Archipelago cf the South Sea, 
and Forster's region in New Zealand, and turn again to 
That of Africa, where the Desert, Delile's region, 
^^®"^ ripens, in the oases, the Date, and the tender- 

leaved Acacias concocts the abundance of Gum Arabic 
and Senegal, which commerce brings to the service of 
our industry. To this, eastward, adjoins Forskal's 
region, where the Balsam-trees predominate; on the 
That of south, Adanson's, the characteristic plapt of 
'^'>»»»*>"- which also perpetuates the name of that en- 
lightened Botanist, the thousand-yeared giant stem of 
the Adansonia digitata^ the Baobab, or Monkey's- 
bread. The little-known Africa gives only one more 
region, at its southern extremity, Thunberg's, bedecked 
with Stapelias, Mesembryanthemums, brilliant Heaths 
and evil-scented Bucku-shrubs, but poor in woods. 

Kew Holland and Yan Dieman's Land bear the name 
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of their first and most profound Botanical investigator, 
Robert Brown ; and Central and South That of 

America distribute their vegetable riches into ®"^^ 
eight more regions, which are dedicated to Jacquin, 
Bonpland, Humboldt, Buiz and Pavon, Swarts, Mar- 
tins, St. Hilaire, and D'Urville ; among these, Jacquin's 
region is remarkable for its strange Cacti, Humboldt's, 
on the heights of the South American Andes, for its 
Quinoa forests, and that of Martius, in the interior of 
Brazil, for its abundance of Palms, for its quantity of 
climbing plants or Lianes and Parasitic plants. 

These few outlines will suflSce, not to sketch a picture 
of the Flora of the World^ since that would require the 
knowledge of a Bobert Brown and the pen of a Hum- 
boldt, but simply to indicate what wealth lies hidden 
here, of which, at present, the industry and genius of 
the most distinguished inquirers have only been able to 
make a part accessible to us. I turn now to the last 
section of my Chapter, to a 

SKETCH OP THE DISTRIBUTION OP THE MOST IMPOR- 
TANT OP THE PLANTS YIELDING POOD. 

There is not one region among the forego^ Exotica 
ing which has not been compelled to deliver up some 
of its inhabitants for the decoration of our pleasure- 
grounds, or to the service of Science in our Botanic 
Gardens ; and although we are obliged to afford artifi* 
cial warmth in winter to those from the proper tropical 
kingdoms of Martius, Jacquin, Adanson, Eeinwardt, 
and Boxburgh, and even to protect them from tbe un- 
propitious climate in the summer, yet there remains a 
great number of plants from all parts of the earth, and 
the mountain plants, at least, from the tropics, which 
wheu cultivated by us in tjhe open avy seem to eorrobo- 
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rate the proposition, that Man is, in this respect, lord 
of Creation, and that howsoever Katnre may have 
arranged the vegetable carpet of the earth, he has the 
power to alter this arrangement according to his liking, 
and, above all, for his service. But it is not so ; and 
the facts on which the statement is founded are but 
illusory when we look, not at a little spot of earth like 
a Botanical Garden, but at cultivation on a large scale, 
which alone is really of isnpiortance. 

weaknenof Hcro Man again reassumes his chard^cter of 
human «geiu7. ^ hclplc^s crcaturc ; his activity in plowing 
and manuring is but an insignificant aid to the pros- 
perity of cultivated plants, to which climatal variations 
prescribe as distinct ranges of distribution as to the wild 
Flora, and which the favorable or un&vorable influence 
of a season brings to luxuriant development or destroys. 
All over the globe has man, for the supply of necessaiy 
food, selected most solely summer plants, that is, such 
plants as complete their whole vegetative processes, or 
at all events, th^ development of all the parts contain- 
ing nutrient mmter, within the course of a few months. 
By this means ne has rendered himself independent, in 
the half trOpical regions of the evil action of the dry 
season, and in the higher latitudes of the destructive in- 
fluence of cold, and thus insured the possibility of culti- 
vating plants, which there must be killed by the drought 
of summer, here by the cold of winter. 

AbowBcent Setting aside the cultivation of fruits which 
food-tnes. servc rather pleasure than necessity, there 
remain but three aborescent vegetables in the whole 
world which can be included among the true food-plants, 
namely, the Bread-fruit, the Cocoa-nut and the Date, 
which actually famish the chief proportion of the food 
of great bodies of men, and over widely-extended areas^ 
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and thence have become objects of colttire ; the Cycor 
dacecB and Sago-palms, ou account of their starchy 
parenchyma, can at most perhaps be taken into our 
reckoning only in a very limited circle in the East 
Indies. 

All the rest of the food-plants are either Annuaifeod. 
such as possess a subterraneous, usually p^^*^ 
tuberous stem, which sends up shoots above the soil, 
persisting but a few monthJ%on which develop flowers 
and fruit, while during the reii|ftining time, sleeping, as 
it were, beneath the protecting coverlet of earth, it sets 
the disfavor of the climate at defiance, or such as die at 
the end of a short period of vegetation, and insure the 
fiiture reproduction, in the slumbering germ of the seed. 
To the former belong, for instance, the Potato, derived 
from the Cordilleras of ChiU, Peru, and Mexico ; to the 
latter, almost all our corn-plants. 

One plant alone distinguishes itself among The Banana, 
the cultivated plants by a peculiar mode of vegetation, 
a plant which was perhaps the earliest gift of Nature 
to Man awakening to life, and thus the object of the 
earliest culture, I mean the Banana.^ And this plant 
was not merely the first, but the most valuable gift of 
Nature ; its slightly aromatic, sweet, and nutritive fruits 
are the sole, or at least the chief food of the major part 
of the inhabitants of the hotter regions. A creeping 
subterraneous root-stock sends out on high, from lateral 
buds, a shaft fifteen to twenty feet long, which consists 
merely of the rolled-up, sheath-like leaf-stalks, bearing 
the velvet-like glancing leaves, often ten feet long and 
two feet broad ; the midrib of the leaf alone is firm and 
thick, but the blade of the leaf on either side so deli- 

* Mnsa sapiflntiiiii. 
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cate, that it is readily torn by the wind, whence the 
leaf acquires a peculiar feathered aspect. Among the 
leaves presses np the rich cluster of flowers, which 
within tiiree months after the shoot has risen, forms from 
160 to 180 ripe fruits, about the size and form of a Cu- 
cumber. The fruits weigh, altogether, about 70 or SOlbs., 
and the same space which will bear lOOOlbs. of Potatoes, 
brings forth, in a much shorter time, 4:4:,0001bs. of Ba- 
nanas ; and if we take account of the nutritious matter 
which this fruit contains, a surface which, sown with 
Wheat, feeds one man, planted with Bananas affords 
sustenance to five-and-twenty. Nothing strikes the 
European, landing in a tropical country, so much as the 
little spot of cultivated land round a hut, which shelters 
a very numerous Indian family. 
Tbe ceroaiia. Not till loug after did Man learn to know 
and cultivate the gifts of Oeres. It must, in fact, sur- 
prise us, at present, to see that but a few species of a 
single family of plants furnish the principal food of the 
greater proportion of mankind, namely, the so-called 
Corn-plants or Cerealia^ of the family of Grasses. This 
fisimily includes nearly 4,000 species, and yet not twenty 
of them are cultivated for the food of Man. In their 
real nature, these cultivated Grasses are all summer 
plants, but varieties have been obtained fix)m some of 
the most important of them, which, in the proper climate, 
sown in autumn, germinate and pass the winter under 
the warm covering of snow, so that they are in a condi- 
tion to shoot out strongly in the spring, while the soil is 
being prepared for the other summer plants. Bearing 
in mind these exceptions, it may be said, that, the pros- 
perity of all the Cerealia is dependent upon the tempe- 
rature of the summer, or period of vegetation; and if 
we lay down their distribution on a map of the earth, it 
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exhibits a gii'dle which does not deviate so much from 
the course of the Isotheral lines as many other condi- 
tions of vegetation. 

But the conditions of temperature under Thermu 
which the Oom-plants vegetate, may perhaps ^^k wStii^! 
be more accurately unfolded than is possible 
through a plan of the Isotheral lines. In Egypt, on the 
banks of the Nile, Barley is sown at the end of No- 
vember, and harvested at the end of February, the pe- 
riod of vegetation therefore amounts to about ninety 
days, and the mean temperature of this season is 69° 48'. 
In Tuqueres, near to Cumbal, under the equator, the 
time of sowing in the mountains, for Barley, is about 
the 1st of June, the time of harvest, the middle of No- 
vember; the mean temperature of this vegetating season 
of 168 days, is 60° 12'. At Santa Fe de Bogota they 
number 122 days between seed-time and harvest, with a' 
mean temperature of 67° 24'. If now the number of 
days is multiplied by the figures of the mean tempera- 
ture, we obtain 6282 for Egypt, 8433f f for Tuqueres, for 
Santa Fe 6489|f, therefore, as nearly the same number 
as the uncertainty in the estimate of the days, the accu- 
rate mean temperature and the want of knowledge 
whether or not the same kind of Barley is cultivated in 
all the places, will allow us to expect. Similar results 
are obtained for Wheat, Maize, the Potato, and other 
cultivated plants. We may express these results thus: 
Every cultivated plant requires a certain quantity of 
heat for its development, but it is the same thing whether 
this heat is distributed over a shorter or longer space of 
time, so that certain limits are not exceeded ; for where 
the mean temperature sinks below 36° 24', or where it 
rises above 71° 36' Barley will no longer ripen. Cons^ 
23 
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quenily, to define accurately the conditions of temperature 
which a plant requires, to maintain it in a flourish- 
ing condition, we must state within what limits its period 
of vegetation may vary, and what quantity of heat it 
requires. This most remarkable circumstance was first 
observed by Boussingault, but unfortunately, we as yet 
possess not nearly suflSciently accurate accounts of the 
conditions of culture, in the various regions of the earth, 
to enable us to follow out this ingenious view in all its 
details. 

Mfferent ^ ^*^^^ choscu the Barley as an esBmple, in 
Grains for dif- thc prcccdiug rcmarks, because it has the 
ren regions. ^^^|. jangc of distribution of all the Cere- 
alia, and is cultivated* from the extreme limits of culture 
in Lapland, to the heights immediately beneath the 
equator. But it has by no means the same importa^pe 
everywhere that it has in the northern region, where, in 
a little narrow zone, it appears as the sole bread -com ; 
and in the following observations on the distribution of 
the more important Oerealia, it will be considered only 
in reference to this last point. In Lapland and northern 
Asia, Bye soon appears beside it, but by the inclemency 
of the climate confined to favorable yeara^ and therefore 
not properly to be regarded as the principal food. Mrst 
in Norway, Sweden, Finland, and Bussia, does the Bye 
become the peculiar bread -com; and Wheat takes its 
place beside it in the north of Great Britain and Ger- 
many, as the Bye before joined Barley. In tlie center 
of Germany, in the south of Great Britain, in France, 
and in a wide range toward the East, including the whole 
of the Caspian Sea^ Wheat is the prevailing cultivated 
plant, which in the basin of the Mediterranean and 
throughout North America is associated with Maize. 



OF PLAINTS. 267 

Rice takes the place of the latter in Egypt and in 
northern India, and holds undisputed rule in the penin- 
sulas of India, in China, Jdpan, and the East Indian 
Islands, shares it in the west coast of Africa, with Maize, 
which, on the other hand, is the exclusively cultivated 
corn-plant of the greatest part of tropical America, with 
only some unimportant exceptions. In southern Ame- 
rica, Africa, and Australia, Wheat again enters the field, 
with the decreasing temperature. The culture of Tef* 
and To(y^^90^ in Abyssinia, of MilletJ in western Af- 
rica, and Arabia, as well as of Eleuaine^ and MiUetJI in 
the East Indies, are quite of subordinate importance. 

Some other plants bear a far more impcftant other ibodr 
share in the nutrition of mankind than the p^^**- . 
Grasses last named. Even in the most northern zone 
of the Barley and Bye, the Buckwheat is an object of 
tolerably extensive culture. With the already named 
Banana, the Yams,** the Mandiocft and the BatatasJ^ 
'K5ontribute largely to the daily food of the inhabitants of 
the tropics, of the Old as of the New World, added to 
which, upon the Andes presents itself a peculiar vege- 
table, the Quinoa,§§L<a plant which simultaneously pro- 
duces edible tubers and abundance of seeds, comparable 
to those of Buckwheat. Lastly, we may not pass over 
the hread-fruit^ in the proper sense of the word, which 
is the principal food of the inhabitalits of the large 
islands which extend firom the East Indies, through the 
whole tropical ocean, to the west coast of America, the 
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gift of a large and beautiful tree of the family of the 
Nettle Plants, which from the use it is turned to is called 
the Bread-fruit tree.* For the sake of variety, some 
also cultivate with it the Tarroo-root,! the Tacea tubeis,:^ 
or some Fem8,§ the farinaceous leaf-stalks of whidh 
afford a dainty meal. 

The Potato. Last of all I will mention the Potato, which . 
has spread over the whole earth with such rapidity, 
from the mountains of the New World, that in many 
places it threatens, not exactly to the advantage of man- 
kind, to supplant every other culture. Only a portion 
of its native land itself, Mexico, remains exempt, and 
but in recent times has cultivated a few poor tubers, at 
points on the coast, to set before the spoiled European 
guests what, with a strange perversion of the conception 
one may call their native dish. A land, indeed, which 
perhaps thousands of years' culture of Maize has so 
little exhausted, that after a very little labor a bad 
Maize harvest yields two hundred-fold profit, which in 
good years amounts to six hundred-fold, does not want 
the Potato. 

Man'Bweak- And wc, who flatter ourselves that we are 
*•"• great agriculturists, who plow, manure, and 

BOW with ingenious machines, imagine that we have 
done great things when we reap a twelve-fold harvest. 
Even this we do not owe to our art, to which we might 
so readily ascribe it. The worst- tilled soil produces a 
better harvest in a favorable year, than we can extort 
from the best soil with all our industry in an unfavor- 
able season. Truly, only he who looks no further than 
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the clod, which his plow has thrown up, can preserve 
the feeling of the importance of human activity in his 
bosom. He who lets his free glance rove over the 
earth's ball, and looks at large over the play of active 
forces, laughs at the digging, dragging, bustling, pant- 
ing ant-hill, which we call Humanity, and which with 
all its imagined wisdom is not able to alter the slightest 
working of the laws which the tyrant giantess, Nature, 
has prescribed to her slaves. 
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** All nature feels the secret power 
And throngh eternal change, obejs; 
Up from the deepest regkm creeps 
Tix9 trace of life of fbrmer dajs." 

VAUBT. 



CHAPTER XL 



Tim wasted ^'^ ^^^ appear strange that from the very 
In fruittess re- earliest times, mankind have sought to nn- 
■•■"^ fold in their teachings and writings no sub- 

jects so amply, so circumstantially, as those subjects 
whereof Man neither does nor can know anything. 
However, the circumstance is very naturally accounted 
for, by human indolence on the one hand and vanity on 
the other. So soon as the first stage of sensual excite- 
ment and mere life of habit is overpassed, Man in gene- 
ral begins to find pleasure in intellectual movement ; 
the ambition, too, awakens to know more, to look deeper, 
than others. But the true road to this point, compre- 
hensive knowledge and persevering, earnest, and definite 
reflection, is far too painful, and therefore not every- 
body's business ; and instead of striving along this path 
toward the actually comprehensible, Man prefers to use 
his imagination, a power, the activity of which, on ac- 
count of its half-sensual nature, eeemingly findp an 
incon.parably greater delight in those regions, where 

(270) 
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inconvenient facte and surely-judging logic cannot in- 
terpose, where the imagination, not subject to the decrees 
of truth, can make one story as good as another, and 
consequently has no contradiction to fear from there ; 
and where Man, cunningly leaping clear over the basis 
of the dreams he brings forward, at once retreate behind 
the impregnable intrenchment : "Prove me the oppo- 
site 1" 

I will not here enter upon the various reli- various ooe- 
gious phantasmagorias and the inquiries into "^ogonies. 
what is to take place after death, and the like, but 
merely cite the cosmogonies, which every people^ nay 
among some nations almost every individual, delineates, 
and recall remembrance to the fact, that the truth of the 
Mosaic history of the six days' Creation, has been con- 
tested with more zeal than has ever been Applied to un- 
fold the apophthegm : " Love thy neighhor m thyself ^"^ 
in all its meanings, and to act according to it. Never 
is Man more, and indeed almost only then, intolerant, 
when a scientific proof or confutation is out of the ques- 
tion. He who places himself in direct opposition to 
sound human understanding, on the domain of the 
demonstrable, subjects himself to the^ curse of ridicule 
which nothing can withstand* «» But wher^ no proof in 
favor, and consequently, in posl'oases, no proof against 
a thing is possible, conceit, when it is united with 
power, compels the recognition of ite visions, and asserte 
indeed with really blasphemous au&city, that the Eter- 
nal Buler of the world has voucha^ed to it, in prefer- 
ence to all the rest of mankind, special mysterious com- 
munications. But the worst of the matter is, that while 
Man gives himself up to the spinning-out, the attack 
and defense of dream-creations concerning incom- 
prehensihle things^ his time and oj^rtunities are 
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frequently lost, not merely to do his duty and to learn to 
live in the fear of God, but with calmness and clearness 
to seize upon the conditions, to collect the facts, which 
are necessary to advance and develop possible know- 
ledge. 

The Great The uaturalist cannot go beyond the simple 
iteiCauBe. exprcssiou: "God is the Holy Author of all 
things, and His Wisdom, His Love, has created the 
world." It is to him as to every thinking man, a truth 
which may not be touched. But he does not value this 
truth in that he carries it over into what exists in time 
and space, or in the mere earthly. He asks not of the 
Almighty, the Means in the sense of the narrow human 
" How?" not of the Eternal, Timeless, the Consequence 
of Cause and Effect, which finds its place only in Time. 
He knows that where he pursues the nature which sur- 
rounds him, backward and foi'ward, with observation 
and thought, he can only find an infinite series of changes 
of the Created, never an Origin or a Disappearance. 

The first The simplc poetical 1||adition of the Jews, 

iinee of geo- the so-called history of the Creation, naturally 

deals with a poii^t of view, where the earth 

alone bounded the vision ^ mankind, when the sun, 

moon, and stars were friei^ljnughts, to brighten day and 



to adorn the night, il^^^^o^s upon Nature as a whole, 
and on a sublime Njrfnre not yet broken up by the con- 
fusing mass of sepjlraje conceptions, ;tQight in early times 
have awakened, in ^S^ crfSvated stw of the Egyptian 
priests, a foreshado'^jjng W the idea th^t prodigious re- 
volutions first brought our earth, by slow degrees, into the 
condition in which we now find it. Reflection on the 
mighty play of natural forces, may have here given birth 
to more definite views of the gradual formation of the 
solid earth-crust, the previous appearance of vegetable 
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development to that of animal, and the final entry of 
Man upon the scene, as the most perfect organism that 
we know upon the earth, before which it is quite natural 
to place the less perfect in a preceding, graduated series. 
These views of the gradual formation of the earth, which 
to the men of those days meant the world, were first col- 
lected by the greatest and most intelligent mind of anti- 
quity, Moses, and delineated by him in a picture of &e 
Creation of the World. 

But the few features of natural history knowledge 
which it contains, are not the grandest ; the feature in 
which it far surpasses all other National traditions, is the 
declaration: "The earth has not existed from eternal 
time, is not a play of blind formative forces, not a pro- 
duct of inflexible Necessity, a Fate, but the firee act of a 
Holy Author, an eternal Love." No other race has risen 
to the conception of Creation in this sense. The world 
for even the nearest and evidently allied Brah- »»ot etemav 
minic tradition, is, compared with this simple, clear idea, 
confused in its imaginative portions, and obscure in the 
sensuous. Ever, till the end of time, will it, unchanged, 
re-echo: "God made the World I " but we are already 
far advanced beyond the germs of natural science 
mingled with it. They r^^^ «ot to the universe, but 
to one of the smallest of the^ spepks of one of the innu- 
merable little heaps of dust which dance their endless 
circles in the ocean of ether. •Of the origin and deve- 
lopment of all those millions of other larger, wondrous 
bodies, we know nothing. Of the world, we only know 
it is here, and now obeys simple, unvarying laws ; that 
Mosaic history of Creation has, on the other hand, 
dwindled into One Line in the Giant Book which re 
counts, in time, the alterations of the Created ; a line, of 
which we have now deciphered some few more letters 
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than were known to mankind in the time of Moses, bnt 
which we are not yet able to read perfectly. Let ns see 
how &r we can coUect the deciphered letters into a com- 
prehensible whole. 

2^,^^ The earliest condition of the earth, to the 
or the knowledge of which something more than mere 
dreaming, and, at least, weU ordered sdentifie 
analogies, at present lead, is that of a molten, incandes- 
cent, fluid mass, surrounded by a dense atmosphere 
which contained, as steam, all the water now flowing 
over the earth, perhaps a considerably greater amount of 
oxygen, but certainly an incomparably greater proportion 
of carbonic acid than it now includes among its constitu- 
ents. The earth must have gradually cooled down in 
space, which, according to approximative estimates, has 
a cold of — 40 degrees ; the fiised mass must have solidi- 
fied and formed a firm crust, upon which a portion of 
the watery vapor, not now repelled by the cooler earth, 
fell as rain. Every cooling body contracts, and thus the 
crust of the earth must also have contracted ; fix>m this 
cause fissures must have been produced, out of which a 
portion of the still fluid nucleus would be pressed, rise 
out over the fissure and become spread around its mar- 
gins ; in this way forming the first inequalities or moun- 
tains, and thus also the distinction between more elevated 
dry land and the sea covering the level portions. 
Earth's crust Through the continuous process of cooling, 
devated. through ever-incrcasiug thickening and con- 
traction of the earth-crust, this process must have been 
often, and each time more violently, repeated ; with more 
violence because in the thicker crust the cracks would 
continually become narrower, and the mass which by 
cooling must have become more viscid, would not, in 
issuing fi*om the fissures, spread out evenly over the 
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borders, but be pushed upward to gradually increasing 
heights. But in the same proportion as the firm crust 
became thicker and more capable of resistance, that pro- 
cess must have become more confined to particular lo- 
calities, and have extended its violently disturbing action 
over smaller portions of the earth's surface. In many 
places, merely vesicular elevations were formed, which 
rose up out of the water, and oftentimes, when the 
^contents consisted of air, sooner or later sank down 
again. 

How often such phenomena may have been The sieT»tioiui 
repeated on a great scale, we know not. Many *^** "»*****• 
geologists assume, from the conditions observed in our 
present systems of ro($ks, that twelve to twenty-four such 
elevations may have taken place, but the assumption is 
only valid for the products at present lying before us, 
since no one can give us an indication how many entire 
systems of rocks may have existed in earlier times, and 
again have been totally destroyed or sunk down to the 
bottom of the ocean. With that consolidation of the in- 
candescent fluid mass, in which perhaps the oxygen of 
the atmosphere so far bore a share, that it became united 
with the metals of lime, silica, potash, soda, and the 
rest, into the oxygen-compounds or oxides, of which the 
existing rock systems are composed — with that immedi- 
ate formation of rocks out of the cooling and solidifying 
mass, I say, there came another process, of no less im- 
portant influence. As soon as the first solid masses of 
stone became elevated into the air, forces were also al- 
ready active to destroy them again, forces which we for 
the most part still see, although perhaps with less vio- 
lence, restlessly laboring to destroy and level mountain 
chains. 
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AbrMkmor The alteniation of heating and oo<ding 
tiM Rock*. cansed the massea of stone to split up; into 
the cracks penetrated water saturated with carlxHiic acid, 
decomposing the previously formed chemical compounds, 
and loosening in this way the internal cohesion of the 
rocks, which became broken up and finally reduoed to 
dust. In this way we see in the present day, upon the 
Brocken, great blocks of granite crumbling in the course 
of a number of years into a coarse granular sand. Then 
those masses of dust and sand, washed together by 
mighty floods of rain, which were continually precipi- 
tated with increasing violence during the farther cooling 
of the earth, — ^into the deep, the great basin of the pow- 
erful ocean, and here, when the water was more calm, be- 
came deposited in layers at the bottom, till some new 
eruption lifted up this sea-bottom and the strata deposited- 
upon it, above the surface of the water. 

The strati. ^* ^ clcar that the masses of rocks thus efe- 
fled Rocks vated mus^also be subject to the process of 
*>™«^ weathering, and that the products of this, 
washed away into new accumulations, must give rise to 
new deposits of a difierentkind. Nevertheless, the original 
dififerences of these deposits are not very distinct in sub- 
sequent times, and they may be reduced to sandstone, 
limestone, and day or marl, which re-appear in every 
period. These wocesses must have lasted for many 
hundred thojp$tt£as of years, until the firm crust of the 
earth gradually approached the shape which it at pre- 
sent exhibits, and until the violent strife between the 
still incandescent fluid mass and the atmosphere of va- 
por had become moderated to a certain degree of peace. 
This account of the formation of our earth leads us to 
assume the existence of two essentially difierent kinds of 
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rocks — namely, those unstra tilled , as they cooled down 
from the molten condition and the stratified rocks pro- 
duced by deposition from water. 

In some period of this gradual shaping out Fint fomu 
of the earth, the first germs of organic exist- **^"^ 
ence originated, through forces, which may indeed still 
be in action, but under conditions and co-operation of 
those various forces 'such as now appear no longer pos- 
sible upon our earth. The ocean was probably the 
birthplace of these organisms, and their forms as yet 
very simple. The dead organisms falling to the bottom 
of the sea, were buried, and either wholly or in their 
more solid parts (shells and bones) preserved at least 
their external form, even though the organic substance 
was in great part decomposed, and, frequently re- 
placed by inorganic matters which penetrated, causing 
what is called petrifaction. From what has already 
been told of the history of theTormation of the rocks, it 
follows that such petrifection caii only occur in the 
stratified rocks. lo^l^ubsequent periods, organisms also 
originated upon the -dry lattd, and the remains of these 
passed as petrifactions into then^ocks, and this in two 
ways — either th^ bodi^ were carried into the ocean by 
floods and the larger streams, or?«the whole surface of 
earth on which they lived, sank down in the way above 
described, beneath the surface of the. fi^ and thus they 
became buried in vast masses beneath fiie<l€posits from 
the water. 

The careful study of the rock systems and gtageg ©r 
masses, and petrifactions (fossils,) has enabled creation. 
us now to divide the gradual formation of the earth into 
determinate periods ; not indeed^ limited according to 
time, but according to their products ; and these pro- 
ducts are called xof^-foTmationB^ which, arranged in 
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definite series^ have such relatiaii to one another, Hiat 
no formation belonging lower down in the series is ever 
found deposited upon one higher up in the list, so that 
we can assume with safety, that they have been formed 
one after another in this order. Several of these forma- 
tions are then collected together, so as to form greater 
periods of formation, as it were stages of the earth's age ; 
according to which, therefore, I shall, in the following 
pages, briefly sketch the gradual developmait of the 
vegetable kingdom. 

^ ^^^ But .before I pass to this subject, I must 
pentare now ouce more rccur to the original conditon of 
•*■**"■** ^* the atmosphere of our earth , \h its ^^Hmn tail con- 
dition and gradual alterations. Tlfe temperature of our 
globe has two sources — ^namely, the proper internal heat 
existing* within, and. that which it receives firom the rays 
of the* sun. Of the heat^ however, which it possesses and 
obtains^ it continually grlh^ off a certain quantity to the 
cold space of the Universe.*vJ&foling, and warming by 
the sun, now bear such a jE^aticyV^ each other, that 
4hey maintain a perfect equilibriun^ and that' af^ least 
for almost 3000 years, the temperature of the earth can- 
not have altenni the tenth part of i^d^Bree. We have 
two proots of this; one astronomicsll, whifih is based 
upon the observations of the moou'S eclip^s4>y Hippar- 
chus. which I pa^ by here, and tl^"«i(Ber botanical, 
wiiich was first discovered by the ingp^vus Arago. The 
Tine will no longer rijH^n its fruit whore the mean tem- 
perature of the year is hig^her than S4", and on the con- 
trary, the Date will not flourish ^wheie the temperature 
sinks below $4^. These conditions exactlv meet in 
Palestine ; and the Jews^ when they took possesion of 
this country, found the Date and the Grape together. 
Now, liad the t^npeianun^ of the earth either risen car 
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fallen in the least since that time, one of those plants must 
either have disappeared from Palestine, or have become 
unfruitful there, which however, is not the case. 
If the earth at present derives iust so much 

■*• , ^ *' Former gnk 

heat from the sun as it again loses by cooling datioiis of cu- 
into the space of the universe, this is in other ™***' 
words to say, that the sun is now the only source of heat, 
and, therefore, the heat must be distributed upon the 
earth in proportion to its position in relation to the 
source of heat ; the tropics must be the hottest, the poles 
the coldest, as has been already shown in a former Chapter. 
But this condition did not always exist. So long as the 
earth was yet* .in an incandescent fluid state, and was 
surrounded by a dettee atmosphere which would trans- 
mit the sun's r^s but in a single degree, the amount of 
heat which it obtained from the sun remained scarcely 
appreciable, compared to that which it lost by cooling, 
or in other words, in the first epoch of the earth's fonna- 
■ tion the source of itg Beat lay, to all intent, within. 
Hei:e, therefore, there was pp distribution of heat over the 
eartlK, depending upon its position in relation to the gun, 
and the temperature was pretty nearly equal over the 
whole earth. Ailot, moist atmosphere, at present cha- 
racteristic of the tropics, then prevailed all over, the globe, 
and made the polar regiobs to resemble tropical coun- 
tries. Only ...by degrees, as the earth gradually cooled 
and the atmos Jrtiere precipitated its vapor more and more 
in th^form of rain, gave up its carbonic acid to the or- 
ganic world, and thus became lighter and more trans- 
parent, did the sun acquire higher importance ; and thus 
the regions of the higher latitudes and even the polar 
lands passed, in a series of stages, through the climates, 
one after another^ which we now find upon the earth, 
9ide by aide^ in going from the equator to the poles. 
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This circumstance will prove hereafter very full of con- 
sequences in reference to the explanation of the different 
kinds of vegetation following one another upon the 
earth. 

First period As I havc already said, the first germs of 
ofTegeuoon. j^f^ probably originated in water, and in 
agreement with this we find in the oldest stratified rocks, 
the Grauwacke, or as the English call them, the Silurian 
rocks, merely some few remains of a species of Tangle, 
accompanied by sea animals, of which solitary repre- 
sentatives were already exhibited in the preceding Cam- 
brian formation. The species of Tangle met with, mani- 
fest a great general agreement with those forms now oc- 
curring in the tropics. It must not, of course, be forgot- 
ten, that the Grauwacke has as yet been carefully ex- 
amined almost solely in England and Germany, and 
that in these very places its layers have been so enor- 
mously disturbed and alter.ed by the subsequently up- 
heaved rocks, and by the action of the glowing masses 
of these, that certainly many of the remains inclosed 
within them must have been destroyed in those revolu- 
tions. In Kussia, on the other hand, this formation ap- 
pears to occur to an extraordinary exteht in undisturbed 
stratified condition, lifted very slowly and quietly above 
the surface of the sea ; and from these we shall, hereafter, 
first obtain an accurate knowledge of these oldest marine 
deposits. 

Second peri- In tlic secoTid peviod^ numerous islands 
od, Islands. ^erc formed, the soil of which, consisting for 
the most part of layers of the former period, supported 
a rich land vegetation. A part of England and Scot- 
land, the country of the Rhine, the Erzegebirge and the 
Sudeten, central France, the Vosges, northward, a part 
of Sweden and Norway, the Alleghanies in North 
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America, and some other points, may with certainty be 
named as sach groups of islands, npon which was de- 
veloped a vegetation quite tropical in its character, bnt 
wholly strange in its individual forms, and consisting 
in great part of races of plants which have now totally 
disappeared from the earth. A few Palms and some 
Cycadacese, some gigantic Equisetums or Horsetails, 
twelve to twenty feet high, are found scattered in thick 
woods of arborescent Ferns, which alternate with Lepido- 
dendrons (Olub-mQSses, rising np into mighty trunks,) 
Sigillarias (perhaps plants of the Cactus tribe,) with 
Oalamites, Stigmarias, and Conifers. Still we find no 
trace to show that animals inhabited these islands, but 
in the sea Sharks were already chasing the smaller fish, 
the shore was fringed with numerous forms of Coral ; 
the Trilobites, strange Crab-like animals, wonderftil 
creatures aUied to the Nautilus, and the elegant, lily- 
like Encrinites and Pentacrinites, gave rich variety to 
the aquatic Fauna. Over the whole is that Flora the 
same, from the now frozen caves of Iceland, to the 
glowing coast of Malabar. Long must this vegetation 
have endured, often must the soil, covered with a thick 
layer of humus fr^m the remains of dead plants, have 
sunk beneath the sur&ce of the ocean, been covered 
with a new layer of deposits and again been upheaved, 
affording new soils to successive productions of the 
same luxuriant vegetation ; since it is this vegetation 
which has left behind the incalculably vast, half-destroyed 
vegetable masses which, as Coal, now constitute almost 
one of the most essential portions of the natural riches 
of a country. 

We often find from twenty to thirty layers ooai ibma- 
of Coal, one above another, always separated ^^'^^ 
by layers of Oalcarooiit deposits indosing marine ani- 
24 
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mals. We often find the upright stems of whole woods 
in snch carboniferous deposits, proving that the whole 
land sank down slowly and without any considerable 
revolutions beneath the surface of the sea, as even now 
occurs on the south-west coast of North America ; nay, 
we find such stems, with their roots sunk below in the 
Coal, that is in the soil so rich in humus which nour- 
ished them, while their upper portions are inclosed in 
calcareous layers subsequeQtl^t^posited upon the soil. 
When it is considered, thl^j^DQ08£ ^ceiitjry is required 
to form a layer of humus zuii^e i|^bJr thii^, by the most 
luxuriant vegetation (4*4b/^^pcop^j\J^b94 this layer, to 
convert it into Goal, iiA|^ Wbomf^pesj)^ into a twenty- 
seventh part of its thickndiG^, ;ui appit>ximative concep- 
tion may be formed of the>. duration of that period ; 
since the super-imposed layfer^ oif Coal, in England for 
instance, often have a collective thickness of forty -four 
feet, and correspond therefore to a period of time almost 
equaling 100,000 years. The character of the vegetable 
world of the Carboniferous period, expressed in the pre- 
dominance of the great arborescent Cryptogamia, espe- 
cially the Ferns, reminds us most of the Flora of the 
tropical South Sea Islands, and the vegetation of these 
organisms seems to be particularly dependent on a hot 
atmosphere, saturated with moisture, such as we are 
compelled to assume to' have existed in that epoch of 
the earth's history. 

Third periodv I^ the succecdiug period of the Secondary 
coniferaj. rocks, the prcviously existing islands, witii 
their Flora, appear to have become partly submerged 
again, while other, more extended tracts of land rose 
up, the soil of which consisted principally of the lime 
and sandstone of the Coal period. However, these 
tracts of land partly united with the islands already 
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formed, and thus particular forms of plants of the pre- 
vious epoch were preserved and continued over into the 
new order of things, while the most peculiar races partly 
sank with their soil, and partly died out, in consequence 
of the gradual essential alteration of the physical condi- 
tions. The arborescent Ferns and the Calamites still 
existed but became more rare, while the Cycadaceas and 
Conifers developed in great abundance, and in numerous 
peculiar forms, forming dense forests on the borders of 
the great lakes^ iawhich great Sedge and Kush-like 
plants vegetated.* ^rand forms of Ziliacece rising into 
trees, the Bucklandias and Glathrarias, perhaps consti- 
tuted peculiar groups, on the more elevated grounds. 

Among these rolled the giant bodies of the ,3^^ p^^j^d, 
Old World, gavials, lizards,., and turtles, t^e great san- 
fluttered the strange Pterpdactyles like colos- 
sal bats, and in the dry places played the wondrous 
opossums ; while, in the ocean, the monster Plesiosau- 
rians and Icthyosaurians, half fish, half lizard, fed upon 
the countless little inhabitants of the liquid element, 
which was, moreover, alive with ammonites and nau- 
tili, strange crabs, and^iLpeculiar star-fishes. The con- 
ditions of , the Carboniferous period were only repeated 
here on a very small scale, and the remains of that 
world of plants are found in the so-called Xeuper for- 
mation, as letten coal, here and there so abundant, that 
it has been thought worth the trouble of obtaining by 
mining operations. The peculiarities of the Coal Flora, 
consisted in the preponderance of arborescent Crypto- 
gamia, with which were associated only solitary Conifers 
and Cycadacese ; in the period of the secondary forma- 
tions, on the other hand, the latter are the plants which 
especially determine the character, solitary Monocotyle- 
dons occprring among them. But^Qready toward the 
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doee of the secondary period, the character of the v^e- 
tation became altered, probably through a fresh, slow 
depression beneath the sea, of a great portion of the 
existing land, bordered round with coral banks, while 
in other places more mighty continents, partly corres- 
ponding to those existing at the present time, became 
upheaved. Thence, we find, out of the last formations 
of the secondary period, scarcely anything but a few 
AlgSB and Monocotyledonous water-plants, and merely 
indications that the Gycadacese and Conifers were not 
destroyed. 

f^mrth peri- The uow arrangement now presenting itself, 
od,PaiiM. called by geologists. Tertiary formations, 
began still with a widely -extended tropical character; 
we find in high latitudes, as in England, still a rich 
vegetation of Palms, which now generally appeared in 
a striking manner, and appear to have determined the 
character of the landscape, while the Conifer© and Cy- 
cadese, drew back gradually more and more into par- 
ticular localities, perhaps the former on to the cooler 
heights, the latter to dry, sunny hills. Among Panda- 
nese and mighty Bulrushes grazed gigantic Tapirs, and 
the woods, already formed of deciduous Dicotyledons, 
were filled with birds and the lesser animals. Whales, 
walruses, and seals traversed the seas. 

Rfth period, While the earth began to cool down gradu- 
Beeche8,etc ^lly from the polcs hithcrward, to its present 
temperature, the plants and animals became always 
more and more localized ; Faunas and Floras of definite 
zones were formed. Even toward the end of this period, 
the mammoth required his warm, woolly hair to- protect 
him from the piercing cold in the steppes of Siberia, and 
used more hardly by Nature than his younger brother the 
elephant, was forced to live upon the Conif^s confined 
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to the north and the higher monntains. The forms of 
the present world continually made themselves more evi- 
dent in the Vegetable Creation. Alders and Poplars 
clothed the new low-grounds ; .Chestnuts and Figs the 
sunny hills; and slender Birches contested witii the 
Pines the possession of the drier and cooler soils. The 
giant stream of !N^orth America, the Mississippi, annu- 
ally rolls down to the sea in its flood, immeasurable 
masses of dead, floating vegetable bodies, vast trunks of 
trees from the woods in the regions of its sources. In 
the sea, the currents are too slow to keep these heavy 
bodies floating, and they sink at the mouth of the river, 
the interspaces betwepi the^ becoming filled up with 
mud and drift. I^rom l^Jpr Orleans, marshy low 
grounds extend downward for many miles, which consist 
entirely of such floated down masses of plants, cemented 
together by sand and clay, and gradually decomposed 
into a substance resembling peat, and which Brown ck>fti. 
is forming a layer of coal for future ages. In a similar 
way, did the great streams of this period float into 
masses and deposit countless trunks, especially of Coni- 
fers, in estuaries and fi|;:e8h-water basins, which perhaps 
were brought, throu^ later depressions, yet deeper be- 
neath the surface of the ocean, covered with deposits of 
sand, lime, or clay, and then upheaved again. These 
are the feyers of hrown coal^ often so very extensive, 
which arealways a valuable gift of the soil, but still a 
poor substitute for the true coal withheld. 

The new elevation of some important rock systems, 
in particular those of the Himalayas, appears to have, 
in great part, put an end to all this life, through the 
alteration of the level of the ocean which it caused, and 
since, at the same time^ the earth attained the limit of 
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its poesible cooling, it thus appears to have produced the 
present stmcture of the solid land and its organisms. 

All the succeeding changes which now occurred, ele- 
vations and depressions of the land, were dependent 
merely on local actions of subordinate importance. 

Progrearfve Wc may abridge the preceding sketch into 
v^geutkm. |jjg foUowiug main points. The gradual de- 
velopment of the vegetable world commenced with the 
simplest plants, and advanced gradually through the 
succeeding periods toliie most perfect plants of our ex- 
isting vegetation. The structures of the first period cor- 
respond to a tropical climate cotemporaneously extended 
all over the globe, which passed by degrees from the 
poles toward the equator into the present climatal condi- 
tions; and keeping pace with this, appeared another 
change, for the plants of the oldest period which seem 
to have been equally distributed over the whole earth, 
by degrees were confined into regions of distribution, 
and so passed into the great geographical variety of the 
vegetable world. 

chanireofcii- ^^^ gradual couversiop.bf the universal tro- 
mate marked pical climatc iuto tha ^rcscut climatal zones, 
iqr woodj lay- j^^^j Y)Q showu iu another very interesting man- 
ner, in quite a special instance. All ligneous 
trunks of Coniferous trees continually increase in thick- 
ness at all parts of their circumference. In the equato- 
rial regions, where the climate retains the same character 
uninterruptedly throughout the year, this thickening of 
the trunk proceeds without interruption and homogene- 
ously ; no mark betrays, in a smooth transverse section 
of the stem, the time which was required for its forma- 
tion. As we proceed toward the north, however, as the 
climatal conditions produce continually increasing diver- 
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sity in the particular seasons, the corresponding growth in 
thickness shows itself to have been farthered by the fevor- 
able season, and restrained or altogether interrupted by 
the unpropitious times. In a cross section of a stem are 
seen, the higher the latitude in which it has grown, the 
greater differences in the structure of the successive por- 
tions of the wood ; until, finally, in the latitudes where 
there is a severe alternation of winter and summer, so 
striking becomes the difference between the wood last 
formed in summer and that first produced in the next 
spring, that we may count in the number of annular 
marks thus produced, in a cross section, with great cer- 
tainty and accuracy, the number of years which have 
been occupied in the formation of the trunk. The cir- 
cular lines upon the cross section, well-known to every 
forester, are thence called the annual rings. When, 
fortified with the knowledge of this fact, we compare 
with each other, the trunks of the Conifers which we ob- 
tain from the various epochs of formation, we find that 
the oldest remains exhibit no trace whatever of annual 
rings ; but in the course of time they become continu- 
ally more defined, so that lastly, in the most recent for- 
mations, for instance in the upper Brown coal they ap- 
pear marked just as distinctly as in the trees now living 
in the same localities. 

A mere sketch, and imperfect, as is my re- ^^ ^^^^^^ 
presentation of the successive vegetations of «» of Eoesu 
the earth, our knowledge of these past times ^*^y* 
is likewise, on a higer scale, imperfect and fragmentary 
If it be considered, how many accidents must coincide 
in order that organisms, only to a certain extent capable 
of recognition, should be inclosed in mountain masses 
in process of formation, what manifold destroying 
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forces must have rendered their influence felt upon the 
organisms preserved, dnring the hundreds of thousands 
of years which lie between the first origin of y^etation 
and the existing world, it will not be found surprising 
that our knowledge is here, more than anywhere else, 
mere patch-work ; but we shall not be able to withhold 
our admiration from the men whose untiring industry 
whose ingenious combinations, brought to light and gave 
so high a degree of certainty to what we know of the 
ancient history of the Vegetable World. The names of 
Sternberg, Brongniart, Goppert, and Unger, are espe- 
cially to be mentioned, who have won for themselyes 
immortal credit in the Knowledge of the Flora of the 
Ancient World. 

iiniita of I have only given a sketch of what we A^now, 
**'«^- of whoit existed in the different epochs of the 

earth's endurance ; yet the question of what we know 
not^ of the how it was, may appear to many to possess 
no less interest. Here, then, we come almost wholly 
into the region of arbitrary speculation, we can only 
here and there draw tottering analogies to endow our 
pictures with a weak semblance of probability; and, as 
it naturally occurs that the views of individual inquirers 
vary to infinity, it is ridiculous and useless to contest 
about this or that opinion, about the truth or falsehood 
of a waking dream, as only too often happens. 

Anthor'gth©. That the germ of organic life came forth 
ory of life. upon the earth once, at least, out of the strife 
of the inorganic elements, admits of no doubt, but 
there is another question: has this process occurred 
more than once ? And must it have occurred more fre- 
quently? Since in these matters every one has, and 
may have, his own proper fantasies, why should not I 
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too have mine ? — I hold the assumption of repeated 
creation^ of a totally new origination of vegetable 
germs, out of unorganized or even inorganic matters, to 
be superfluous, and therefore not to be admitted, and this 
opinion I found on the consequences of the following 
considerations on the gradual development of the Vege- 
table world. The simplest element of the whole vege- 
table world, is the cell,* a very simply constructed 
organism, the origin of which out of the peculiar asso- 
ciation of carbonic acid and water, on the one hand, into 
gum or vegetable jelly, and of carbonic acid and ammo- 
nia on the other hand into protoplasm or albumen, is 
not 80 very widely removed from a possible explanation, 
as the sudden origin of a vegetable germ with perfect 
definite power of development into a peculiar species of 
plant. That the cell can vegetate as an in- ceiipiamtt 
dependent plant, we know from the vegetable ^My Ja form. 
Creation at present surrounding us, since many of the 
simplest plants, especially the Water-plants ^ consist of 
a single cell, and are only distinguished from one an- 
other by the varying forms. The principal causes pro- 
ducing a luxuriant and varied world of forms in the tro- 
pics, are moisture and warmth, the causes of their 
multiformity appear to lie in the richness of the soil in 
readily soluble inorganic matters, which in the first 
place give rise to a variation in the chemical processes of 
the plant, and thus to a greater or less deviation in the 
form.-f These two conditions meet in the tropics, be- 
cause they are dependent one upon the other, since the 
more luxuriant vegetation called forth by the moist, 
warm atmosphere, prepares by its death and rapid decay, 
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a soil richer in Bolnble inorganic matters, for the suc- 
ceeding generation. Similar conditions, that is to say, 
greater richness in soluble inorganic matter, are ex-* 
hibited on our manured cultivated lands, and the Alpine 
regions, which are continually supplied with an abon- 
dance of soluble matter from the naked higher rocks 
more exposed to the action of the weather. We know, 

TarietiM Hioreover, that varieties once formed, when 
form sab^p*. thcj havc coutinuod to vegetate under the 
**^* same conditions for several generations, pass 

into sub-species, that ii, into varieties which may be pro- 
pagated with certainty by their seeds, as for instance, 
our beds of Peas, our Cabbage plantations and oar 
Wheat-fields testily. How then if the same influences 
which have called forth an aberration from the original 
form of the plant continue to act in the same way, not 
for centuries or tens of centuries, but for ten or a hun- 
dred thousand years ; will not, at last, as the variety 
thus becomes a sub-species, so also this become so per- 
manent, that we shall and must describe it as a species. 
Then, if the first cell be given, the foregoing points out 
how the whole wealth of the T^^etable kingdom may 
have been formed by a gradual passage from it through 

variettoi varieties, sub-species, and species, and thus 
paM into spft- onward, beginning anew from each species — 
in a space of time, indeed, of which we have 
no conception, for which, however, since there is nothing 
real wanting, we may provide at pleasure in our 
dreams ; for it may be mentioned here that all the recent 
distinguished Geologists come ever more and more to 
the opinion, that very much, in the formation of the 
crust of our earth, which was formerly ascribed to vio- 
lent, convulsive, and sudden revolutions, has rather 
been the product of forces acting slowly through the 
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coarse of enormous periods of time. The Falls of 
Niagara, for Instance, pour down a vast ra- History of 
vine which has been cut into a terrace of Niagara Fails. 
rock; and Lyell has pointed out that the waterfall 
originally, that is at the close of all the revolutions and 
deluges, discharged the water over the edge of that ter- 
race, and has gradually washed out that ravine since. 
This must have required a space of time equal to at 
least 20,000 years ; and thus long, under any circum- 
stances, North America must have existed in its present 
configur^,^^ and under the same physical conditions.* 
Another similar example has already been furnished 
above, in the Coal, and it would be easy to multiply the 
proofs that the space of time which we, with boastftJ 
self-sufficiency, delight to call the World's History, is 
but the last fleeting moment of the infinitely long life- 
time of our little planet. 

If BOW we- recall to mind the sketches above given of 
the successive epochs 6f vegetation, we see that the 
vegetable world begins in water, under the simplest 
forms, and in that very family in which the whole plant 
is represented by a single cfeU, most frequently^ in the 
present time. In the succeeding periods the other 
groups are added to this, making their appearance in a 
series which corresponds through a continually higher 
organization, i. ^., continually more manifold vital pro- 
cesses, to the successively more manifold and compli- 

II ■ I I I - 1 — — - — - 

* Tills estimate is founded upon the assumption that the excavation has 
ever proceeded at a uniform rate since its commencement. But nothing 
is more improbable than this, even from LyelPs own principles, viz : the 
OBADUAL hardening of the sedimentary rocks. The process of excava- 
tion must therefore have been far more rapid at first, when the rock was 
but little harder than clay, than at proitent, and this period may be re- 
duced to 5000 or 6000 yean, with at least as mvor propriety as extended 
to 20,000.— A. W. 
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That all ^*^ physical conditions which come into 
■iMdM sprang action. Thus tho Bteroless Grypioganda 

" °°** are followed by those provided with stems 
and leaves. Then the Gymnospores (Conifers and 
Cycadeee) enter upon the field ; to these succeed the 
Monocotyledons^ and lastly appear the Dicotyledons. 
Imperfect as are the documents we have obtained, 
and little as we have yet deciphered of them, yet in 
no period do we find the appearance of a wholly new 
creation, but the organic beings are always added gradu- 
ally ; the lowest members of one period succeeding to 
the highest members of the foregoing,- in such a manner 
that they at least repeat its principal type ; nay, we may 
even say more than this ; if both genera and species, or 
even families of plants, have disappeared from the 
earth, there does not exist even in- the oldest remains, 
any peculiar great group, a Form of plants constituting 
as it were a stage of development of the vegetable 
world, which has not its representative also exhibited 
in the Flora of the present world. 

This theory This vicw, that the whole fullness of the 
probable. vegetable world ]iias been gradually developed 
out of a single cell and its descendants, by gradual forma- 
tion of varieties, which became stereotyped into species, 
and then, in like manner, became the producers of new 
forms, is at least quite as possible as any other, and is 
perhaps more probable and correspondent than any other, 
since it carries back the Absolutely Inexplicable, namely, 
the production of an Organic Being, into the very nar- 
rowest limits which can be imagined.* 



♦One can scarcely believe our author to be serions here, in proposing to 
account for the origin of plants by so wild an hypothesis as this. Indeed, 
he professes to be only *^ dreaming," while stating it. And yet his read- 
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At the close of all this series of develop- Man's Epoch, 
ments, Man first entered in a way which we cannot ex- 
plain into the circle of the earth's inhabitants, and thus 
divided the foregoing series of changes, as the Primeval 
history of the vegetable world, from the succeding his- 
tory in Time. The boundary line is not very clear, and 
an error of from ten to 20,000 years, in the attempt to 
define the epoch, is very possible and even probable, yet 
people have been foolish enough to devote themselves to 
such inquiries, even as there have been madmen who 
have reckoned the year^ month, day and hour, in which 
God made the world. 

From the hand of Nature, Man received the inheri- 
tance prepared for him, the yegetable and Animal 
Worlds, the Dead matters and th^ir Forces ; and how 
has he managed this inheritaifde ? If he shall have to 
render an account of it, it is to be feared that here, as 
everywhere, it will go hard with him. 

K we inquire for what Purpose is the Vege- Theparp«» 
table world, the parti-colored carpet of the of plants three- 
earth, intend^^ we find a three-fold answer. 
The meanest 'purpose, is undoubtedly, to serve the com- 
ers cannot avoid the conclusion, from the amount of argumentation be- 
stowed, that in the author^s estimation, this theory was more than a dream. 
It appears to be merely a modification of the famous ^^development 
theory" of Lamarck, which has been so often refuted by the ablest writers. 
Our author here applies that theory only to the species of the vegetable king- 
dom. But if it be admitted that all plants, from the Moss to the Magno- 
lia, have sprung from one common origin, viz. the Protococcus, then it is 
impossible to deny that the Animal Kingdom, with man at its head, had a 
similar development ; and we must hence regard the primitive Monad as our 
great grand progenitor, and thence trace our descent down through shell- 
fish, Saurians, Dolphins, and lastly. Monkeys I And all this absurdity for 
what t It is merely to relieve tl e Almighty Creator from the fatigue of 
having created so many species, — nay, from creating at all I since that 
simple primogenitive cell might easily have been struck out of the sea- 
foam by eleotridty ! Alas for the dTkneas of German Theology I— A . W. 
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mon necessities of mankind, their nourishment and 
handicrafts, in a word their Economy. I call it the 
meanest, because Nature here merely satisfies for each 
individual, what, be they ever so refined and glossed 
over by cultivation, are but animal requirements. The 
import of the vegetable world for the regulation of the 
numerous and comprehensive physical processes of the 
earth, appears indeed more lofty. The glow of the Afri- 
can desert, its dry rainlessness, and the fullness of life in 
primeval forests with their torrents of rain, obtain their 
peculiar characters through the vegetable woricL Mois- 
ture and dryness of the atmosphere, warmlSFand cold of 
the soil, unitbrmity, or rude variability of climate and 
the like, above all the life of Animals, and finally of 
Man in the mass, have their conditions in the luxuriance 
and the nature of vegetation. This import of vegetable 
life does not relate to the solitary, miserable individuid, 
but to whole countries and regions, to many successive 
generations, the possibility and fecilitiet for whose ex- 
istence are intimately bound up with thilF:' formation of 
the vegetable world as a Whole. ijJ^ 

Lastly, there is a third face, which theWorld of Plants 
may turn toward us, without question the noblest and the 
most exalted. It is, like all Nature, the symbol of the' 

Plants direct Etcmal ; behind this play of dead natural forces 
TIB to God. ajj(j their products, we adore a Holy Author 
and Sustainer. The Vegetable Creation is the rich altar- 
cloth of the temple of God, in which the recognition of 
Beauty and Sublimity of forms, constitutes the worship. 

Man's abuse And Man iu opposition to the Vegetable 
of Nature. -vTorfd ? Altering many things, he has laid 
hands upon it, and the great phases of his History are 
also catalogued on » the green leaf of vegetation. But 
how has he husbanded it i The history of cultivation 
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would answer U8, " Excellently ; he has by wise care 
converted the raw, unyielding material of Nature into 
those choice gifts which now appear." Well, we will 
not contest with him the glory, that where interest and 
animal necessity have driven him, the individual has 
indeed well understood his own proiBt, but then, shared 
the advantage he has gained with fellow-men and those 
coming after him, only when forced by the laws of Na- 
ture. On the other hand, where no temporary profit 
was to be derived from assisting Nature, or even from 
leaving it-flftppe, where the question was merely the 
misery of ^i^ousand or two of future fellow-beings, he 
bas, with barbarous rudeness, demolished and destroyed) 
for thousands of years, often wickedly squandered the 
seed which God had vouchsafed, not for himself alone, 
but also for his successors. 

And has he striven to adorn and sanctify the temple of 
God to universal worship i Oh, no ! In his selfish labors, 
in the tears o^* his brother, rendered miserable by his 
crimes, in the'Vy^f tbe scourged slave, the continual re- 
membrance of 6^od had become disagreeable and trouble- 
some to him ; &e declared the afflatus of the Han's sei. 
Divine breath in Nature was but a nursery tale, fi^^^^e^s. 
that he might no longed be frightened by his conscience. 
Beauty, the expression of the Divine Nature, vanished 
before selfish profit from the vegetable world, and at 
inost, caring, with narrow heant, but for himself alone, 
the Individual inclosed a little space in which he used 
the Beauty of Nature, not for vorship, but as a sensual 
pleasure. This is now the reality ; when thousands of 
years have past, let us hope to be able to report better 
things ; for we do not despair of Humanity, in it lies 
the germ of the Divine, capable of eternal development 
and destined to it. But with deriAon might we meet 
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the cry of our high culture ; for all earnest moral reflec- 
tion upon History would tell us, that we have yet scarcely 
struggled out of the mire of the lowest degradation and 
barbarism. The following facts, perhaps, made use of 
in a better way, might afford a means to the attainment 
of a somewhat better result. 

.T ^^ The Cradle of the human race, lyinff back 
of the Food- in A distaucc of time we can never explore, 
plants. probably stood in a warm, half tropical cli- 

mate, shaded by the broad leaves of the Banana, the 
Plantain, and the delicate, feathery leaf of the Date- 
Palm. What the first food of Man was, we^know not, 
but he seems to have used these two plants at a very 
early period, since neither of them, from the oldest times 
of which we have record, appeared in the condition in 
which they came from the hands of Nature, but essentially 
altered by the interference of human cultivation. The 
wild Banana is a small, ill-flavored fruit, filled with nu- 
merous seeds ; the cultivated plant, on the contrary, con- 
tains no fertile seeds in its nutritious berry ; its mainte- 
nance, its multiplication, are dependent wholly on the ac- 
tivity of Man, who propagates it artificially by cuttings. 
Very early too must Man have made the large-seeded 
Grasses tributaries to his storehouse. We know not 
the time when any of the plants now used as Bread -com, 
were transplanted from the Eden of God into the fields 
of Man. Their use has passed from one race to another, 
but when we arrive at the most ancient sources, the 
legends tell us, in manifold vesture and varied adorn- 
ment, that they are the gift of the Gods, that these 
taught men to cultivate corn. 

"Originof the The pcrsonification of physical forces and 
oereaiia. proccsscs, of light, heat, rain, of the floods 
of the Nile, may have become, in many ways, mingled 
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and united with the worship of the individual person- 
alities which first sought to turn to account the trea- 
sures of Nature, in a wider circle, for the profit of man- 
kind. A striking phenomenon, which indicates the 
enormous antiquity of the culture of the Cerealia^ is, 
that in spite of many most profound investigations, we 
have not yet succeeded in discovering the proper native 
country of the more important kinds of Corn. Not one 
of the industriously inquiring travelers in America has 
ever met there with Maize otherwise than cultivated, or 
as evidently an outcast from culture. With regard to 
our Europian kinds of Corn, we have only very inac- 
curate indications, that they have been found wild, here 
and there, in the south-western countries of Central 
Asia. But history proves that those regions formerly 
supported so large a population, and that so high a con- 
dition of culture there existed, that the assumption can 
scarcely be justified, that those Corn -plants now found 
there, are anything but descendants from plants which 
have escaped from cultivation. 

From our knowledge of the great eastern Few^d 
portion of China, we know that a dense popu- piaat* in cm. 
lation can, by a certain degree of industrial 
culture, succeed in extirpating every wild plant, and in 
clothing the land exclusively with vegetables intention- 
ally raised. Except some few water-plants, in the pur- 
posely flooded Rice-fields, the Botanist finds scarcely any 
plant, in the Chinese plains, which is not an object of 
cultivation. So it may not be at all impossible, that the 
Cerealia^ perhaps originally, as is the case now with so 
many Australian plants, confined to a narrow region of 
distribution, which was taken possession of at an early 
period by a strongly developing population, have actu- 
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ally wholly disappeared from our earth in the chaiactw 
of originally wild plants. 

^ The oldest kinds of Com are, without 

TIm oonk> ' 

plants of donbt, Wheat and Spelt, which are men- 
donbtfoi ofi- tioned even in Homer as Bread-corn; and 

gin. ' 

Barley, with which Homer's heroes, like the 
inhabitants of southern Europe in the present day, fod- 
dered their iiorses. First in the time of Galen was Bye 
introduced into Greece by .way. !^, Thrace. Various 
kinds of Oats were cultivs^^d iil C^reece, but not for the 
sake of their seed, only ^ green fodder:, .|-Tj|j[S,^proper 
cultivation of the Oat is first found at^^l^jwi^bs^uent 
period in Germany, apparently borrowed from* Eastern 
nations, from whom Germany also obtained its Bye. 
According to the usual opinion, the culture of Maize 
throughout the Old World is wholly introduced from 
America ; nevertheless, testimony exists which makes 
it at least probable, that so early even as the time of 
Theophrastus, Maize was known by the Indians, and 
that at all events eastern Europe had obtained it from 
the East. An exactly similar uncertainty as exists in 
regard to the so-called Turkish Com,* is found in the 
case of the Cactus Opuntia^ or Indian Fig. This plant, 
at present growing all over the south of Europe, Africa, 
and a part of the East, is, according to most authorities, 
a native of America run wild here ; while the researches 
of others lead us to look upon it as more probably indi- 
genous in these regions. Such wanderings of plants, 
produced by the operations of mankind, are frequently 
rocks which we can by no means avoid, on which the 

•This name even, universal in Germany and Italy, and for which a 
similar (Arabian Com) is substituted in Greece, points to an Oriental 
origin. 



THE YEGETABLB WORLD. 299 

most accurate geographical investigations are wrecked, 
when no definite historical records have been preserved 
to us. 

What has been said of the Corn-plants, that or kitdien 
the origin of their culture lies far back be- ▼«Ke'»*>^- 
yond historical time, holds good also for most of our 
kitchen Vegetables and Fruits. Nay, it may even be 
asserted that, with the smallest possible exception, all 
the important icultivated plants have been known to 
Man fi'om time immemorial, and that, with the excep- 
tioi^ of the Potato, no plant subsequently reclaimed 
flikn tiie wild condition plays an important part in our 
economy. 

Of aU the influences of mankind upon the jtood-piMita 
vegetable world, one of the most beneficial changed tj 
is, without doubt, the conversion which he ^ ^^' 
has efiected of the wild and oftei\ almost inedible plants 
into the delicious ornaments of'ighr'table. Even if the 
Apple, Pear, and Cherry treei^were originally peculiar 
species, and have not been pi^jMuced bj gradual im- 
provement from the Crab and the wild P^r and Cherry, 
there are still enough plants remaining* to prove what 
great power the art of Man has here exercised over Na- 
ture. What resemblance has the Cauliflower, the Savoy, 
or the Kohl-rabi, to the dry and nauseous, bitter- 
flavored Colewort, which is undoubtedly the parent of 
our delicious vegetables, since we can readily convert 
these again into it by allowing them to run wild. Who, 
from the comparison of the saccharine, delicate, orange- 
colored Carrot, with the woody spindle of the root of' 
the wild Carrot, would believe that they belong to one 
and the same species ? — and still it is the case. In short, 
Man can here essentially interfere to alter, in the devel- 
opment of individual natural bodies, and as he can 
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obtain from the sangninary beast of prey, from the Wild 
dog, the plajfol spaniel, the useftil banting companion 
and the rescuing St. Bernard's dog, or from any mgged 
sheep the precious Merino-lamb, so in the world of 
plants he can elevate the Useless which Kature has 
given him, into an object worthy of his cultivation. 

Origin of The changes which Man has caused in the 
th« weeds. distribution of vegetables cannot appear so 
important as the above interferences. #But it is only 
what we expect, when W0 find that the Economic and 
Food-plants follow Man everywhere, where the climatal 
conditions of their growth are met with. These wan* 
derings of plants are arranged and carried out by 
Man intentionally. But in^the rear of these armies of 
plants, like the rabble of marauders and thieves follow- 
ing a great human army, a number of other pl^isbts are 
inseparable folloimGC^M|feh Man, when he takes one 
wild plant, must^SHEHfipB, receive as an addition to 
his. bargain, I po^llHulWeeds. It may safely be as- 
serted, that a twion^^ur field plants which are never 
found anywhdgj^ith us but among certain definite cropsj 
are not indigiSous, but introduced along with the seed 
among which they are met with. Among such unbid- 
den guests may be enumerated the lowly Pheasant's- 
eye, the Blue-bottle, the Corn-cockle, the Field Poppy 
(P. Argemone^ the Larkspur {D. Conaolida^ the Lo- 
Hum linicola^ the Hemp, and many others. 

Plants that I^ » still higher degree, spontaneously, 
fouowman. ^ud without the conscious co-operation of 
Man, a certain number of plants attach themselves to 
the Lord of Creation, and follow him whithersoever he 
goes, wheresoever upon the earth he takes up his abode ; 
not in company with the cultivated plants he has 
brought with him, but in his immediate vicinity, settling 
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round his barns, Ms stables, or on manure and compost 
heaps. It is more than probable that the different great 
families of Nations may be distinguished through this 
circumstance, and from the weeds which have firmly 
attached themselves to tl^feir train, it may with some 
certainty be determined, whether Sclaves or Germans, 
Europeans or Orientals, Negroes or Indians, etc., for- 
merly built their huts on any spot. Thus, even to the 
present day, ar^ .marked the footsteps of the bands of 
nations which in the middle Ages emerged from Asia 
into Central Europe, by the advance of the Asiatic 
Steppe-plants, such as the Kochia* and the Tartar Sea- 
kale,f the former into Bohemia and Carniola, the latter 
into Hungary and Moraviai The North American 
savage significantly calls our Plantain, or Thepiantain. 
iload-weed,J " the Footstep of the Whites ;" and a com- 
mon species of Vetch§ still ma|>^s the^rmer abode of 
the Norwegian colonists in tiUjli^land. A more inti- 
mate knowledge of these pecuHpr jfcras might probably 
afford us many more interesting fixplanalAons as to the 
wanderings of the primary Races of mqpfeind, and their 
alliances, if so .many botanical travelers were vnot 
so-called Systematists — ^that is, dull and ignorant*'*col- 
lectors of hay. I may mention some more of such exam- 
ples, vegetables especially accompanying Europeans, the 
different kinds of Nettle and Goose-foot. 

But one of the most striking instances of The Thom- 
the kind is the gradual extension of the *pp^®* 
Thorn-apple over the whole of Europe, which has fol- 
lowed the bands of Gipsies out of Asia ; this race make 
frequent use of this poisonous plant in their unlawftd 



* Eocliia Bcoparia. f Crambe telarica. 

I Flantago miyor. | Vioia oraooa. . 
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proceedings, and hence much cultivated by them, it also 
occurs, uncalled for, near the places where they have 
made their habitations. Auguste St. Hilaire says, in 
the introduction to his Flora of Brazil, ^^ In Brazil, as in 
Europe, certain plants appear to follow in the footsteps of 
Man, and preserve the traces of his presence ; frequently 
have they helped me to discover the situation of a ruined 
hut, in the midst of the wastes which extend out beyond 
Paracuta. Nowhere have the European plants multi- 
plied in such abundance as in the plains between The* 
resia and Monte Video, and from this city to the Bio 
Negro. Already have the Yiolet, the Borage, some 
Geraniums, the Fennel, and others, settied in the vicinity 
of Sta. Theresia. Everywhere are found our Mallows 
and Chamomiles ; our Milk-thistie, but above all, our 
TiM Arti- Artichokes, which, introduced into the plains 
choke. Qf tjjQ jjjq ^q 1|^ Plata and the Uruguay, now 

clothe immeasurable tracts, and render them useless for 
pasture." After tlw War of Deliverance, in many 
places where the Cossacks had encamped, was found the 
Tick-seed,* a plant allied to the Goose-foots, which is 
quite exclusively indigenous in the steppes on the 
Dnieper ; and in a similar manner was the Bunias ori* 
entale spread with the Russian hosts, in 1814, through 
Germany even to Paris. 

Seeds waited But such waudcrings of plants also occur 
by oceans. altogether without the co-operation of man- 
kind. The Seychelles Nutf is driven by the ocean cur- 
rents on ■ to the shores of the Maldives, and there 
germinates in the sand. The earliest settiers in the 
Coral Islands, newly arisen in the silent ocean, are the. 
Cocoa Palm and the Pandanese or Screw-pines, the fruit 

* Ck>ri8permum Manohallii. f Lodoioea seohellamm. 
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of which, protected by a hard shell, is found everywhere 
drifting on those seas. Rivers carry the seeds from the 
higher regions down into the lowlands, and thus, for 
instance, forms which were originally peculiar to the 
higher mountains are distributed on the banks of the 
Alpin6 streams of southern Germany, in Bavaria and 
Wirtemberg. Man also unintentionally gives the first 
impulse to such wandering, which the plant then inde- 
pendently continues. Thus has the Sweet-flag spread 
all over Europe, which was originally brought from In- 
dia and raised in some Botanic Gardens. The Indian 
Fig and the American Agave have, in running wild, 
essentiaUy changed the physiognomy of the landscape in 
southern Spain, Italy, and Sicily. 

In the middle of the 17th century a seed of The Brig««m. 
Engeron canadenae came to Europe in a stuffed bird, 
was sown, and the plant is now distributed throughout 
Europe, in places to which it has never been conveyed 
by Man. The structure of seeds and fruits which facili- 
tates their being driven far and wide by the wind, the 
voracity of birds, which devour the indigestible seeds, 
then afterward often germinating far distant from the 
mother-plants in the excrement of the bird, and similar 
circumstances, explain this free distribution oi plants. 

Incomparably more important, however, changw in 
than all these changes in small and individual cumate. 
matters, are the climatal alterations which Time or the 
operations of Man, call forth upon the earth and in the 
vegetable world. We know truly, that the sum of the 
heat which our earth has received for thousands of 
years, has not altered in a sufficient degree to produce 
the smallest change in the vegetable world, but the dis- 
tribution of heat over the globe, and in different seasons, 
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may become eesentially changed in the conrse of time, 
and thas transform the whole physiognomy of a coantiy. 

changM in The Unhappy Iceland, a few centuries ago still 
loeund. shared the culture of grain, which now has 
wholly ceased, or is confined to a sterile, and in most 
years failing crop of Barley ; the Birch, in earlier peri- 
ods forming dense woods, is now stunted to a low bush. 

chancM in Thc csscutial alteration of the climate which, 
Qr«enund. beginning with the twelfth century, has con- 
verted Greenland into an almost Uninhabited waste of 
ice, ig well known. Strongly as these processes, in the 
mass, seem to refuse obedience to the will of Man, yet 
is this by no means the case, and his continued activity, 
applied to one determinate point, at length brings about 
results which surprise even himself, because he does not 
at the moment mark the gradually accumulating conse- 
quences of his labors, nor, Jed by necessary knowledge, 
foresee the final results. * 

Almost everywhere in the great c|pu*acters in which 
Nature writes her chronicles, in fossilized woods, layers 
of peat and the like, or even in the little notes of men, 
for instance, in the records of the Old Testament, occur 
proof, or at least indications, that those countries which 

Changes in arcnow trccless and arid deserts, part of Egypt, 
the East. Syria, Persia, and so forth, were formerly 
thickly wooded, travelled by streams now dried up or 
shrunk within narrow bounds ; while now the burning 
glow of the sun, and, particularly, the want of water, 
allow but a sparing population. 

In contrast, must not a jovial toper laugh, indeed, 
who looks from Johannisberg out over the Bhine 
country, and drinks a health in Kudesheimer to the 
noblest of the German rivers, if he recall the statement 
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of Tacitus, that not even a Cherry, much more a Grape, 
would ripen on the Bhine. And if we ask dumgca on 
the cause of this mighty change, we are di- **»« **»^«- 
rected to the disappearance of the forests. With the 
careless destruction of th^ growth of trees, Man inter- 
feres to alter greatly the natural conditions of a country. 
We can, indeed, now raise one of the finest wines upon 
the Rhine, where, two thousand years ago, no Cherry 
ripened, but on the other hand, tiiose lands where the 
dense population of the Jews was nourished by a fruit- 
ful culture, are in the present day half deserts. The 
cultivation of .Cfev'er, requiring a moist atmosphere, has 
passed from ^ Gi*eecfe to Italy, from thence to southern 
Germany, a^ already is beginning to fly from the con* 
tinually drier summers th^e, to be confined to the 
mo}6ter North. 

Elvers which formerly pattered their bless- ^^^^ . 
ings with equal fri^j^s throughout the whole u fonste axe 
year, now leave t^Hlf and thirsty bed to '^''''^^• 
split and gape in suKner, while in spring they suddenly 
pour out the masses ''Cf snow accumulated in ji^inter, 
over the dwelling-places of afirighted men. If the con- 
tinued clearing and destruction of forests is at first fol- 
lowed by greater warmth, more southern climate and 
mortf luxuriant thriving of the more delicate plants, yet 
it draws close behind this desirable condition another, 
which restrains the habitability of a region within 
as narrow, and perhaps even narrower limits than 
before. 

In Egypt, no Pythagoras need now forbid his scholars to 
live upon the Beans ;* long has that land been incapable 
of producing them. The wine of Mendes and Mareotis, 



* NdnmUnm speoloaiuB. 
26 
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which inspired the guests of Cleopatra, which was cele- 
puntedieout. brated by even Horace — it grows no more. 
No assassin now finds the holy Pine-grove of Poseidon, 
in which to hide and lie in ambush for the singers has- 
tening to the feast. The Pine has long since retired 
before the invading desert climate to the heiglits of the 
Arcadian Mountains. Where are the pastures now, 
where the fields around the holy citadel of Dardanus, 
which at the foot of the richly -watered Ida supported 
3000 mares ?* Who can talk now of the " Xanthus, 
with its hurrying waves ?"t Who would understand 
now the "Argos, feeder of horses ?" 

I close this sketch, if not in the words, yet following 
the train of thought of one of the noblest veterans of 
our science, the venerable Elias Fries, of Lund. 
impoTeriflhed A broad band of waste land follows gradu- 
landfl. ijiy jjj ^jjQ steps of cultivatiou. If it ex- 

pands, its center and its cradle dies, and on the outer 
borders only do. we find green shoots. But it is not im- 
possible, only diflScult, for Man, without renoui^cing the 
advantage of culture itself, one day to make reparation 
for the injury which he has inflicted ; he is appointed 
Lord of Creation. True it is that Thorns and Thistles, 
ill-favored and poisonous plants, well named by Bota- 
nists rubhiah plants^ mark the track which Man has 
proudly traversed through the earth. Before him lay 
original Nature in her wild but sublime beauty. Behind 
him he leaves the Desert, a deformed and ruined land ; 
for childish desire of destruction, or thoughtless squan- 
dering of vegetable treasures have destroyed the charac- 
ter of Nature, and, terrified, files Man himself from the 
arena of his actions, leaving the impoverished earth to 

• Homer, Hiad, 20. t Ibid, 12, 810. 
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barbarous races or to animals, so long as yet another 
spot in virgin beauty smiles before him. Here again in 
selfish pursuit of profit, and, consciously or uncon- 
sciously, following the abominable principle of the great 
moral Yileness which one man has expressed, ^'^^wprea 
nou8 le 'cleluge^^^ he^be^ns anew the work of destruc- 
tion. *-^?<-- • '''-' -^'^ • ' V' 

Thus did cultivation, driven out, leave the East, and 
perhaps the Deserts formerly robbed of their coverings ; 
like the wild hordes of old over beautiful Greece, 

< 7 

thus rolls this conquest with fearful rapidity American 
from east to west through America, and pi«^t«r8. 
the Planter now ofteti leaves the already exhausted 
land, the eastern climate become infertile through 
the demolition of the forests, to introduce a similar 
revolution into the far West. But we see, too, that 
the nobler races, or truly cultivated men even now 
raise their warning voices, put their small hand to the 
mighty work of restoring to Nature her strength and 
fullness, yet in a higher stage than that of wild Nature ; 
rather dependent on /flie law of purpose given by Man, 
arranged according to plans which are copied firom the 
development of manhood itself.* All this indeed 
remains at present but a powerless, and for the Whole, 
an insignificantly small enterprise, but it The earth to 
preserves the faith in the vocation of Man ^ «»noT»ted. 
JEind his power to fulfill it. In future times he will and 

. _^ 

♦ See the admirable work of Dr. Prichard, " The Natural History 
of Han ;^' comprising Inquiries into the Modifying Influence of Physi- 
eal and Moral Agencies on the different Tribes of the Human Family. 
Second Edition, enlarged, with 44 colored and 5 plain Illustrations 
engraved on Steel, and 97 Engravings on Wood. Boyal 8vo. London, 
1845. 
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mnst, when he rules, leads and protects the whole, free 
Nature from the tyrannous slavery to which he now abases 
her, and in which he can only keep her by restless giant- 
struggles against the eternally Besisting. We see in the 
gray, cloudy distance of the Future, a realm of 
Peace and Beauty on the Earth and in Nature, but 
to reach it must Man long study in the School of 
Nature, and, before All, free himself from the bonds of 
Egotism. 
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« The import of the Shape^ I wished 

In magisterial wise to tmibld; 
. Bat whatleoold not oovprehend 

Might not of course liy me be told." 

VAUBT. 

« I reoogniie the Man of Learning here: — 
What 70a touch not, lies not within yourqpheire; 
What you grasp not, does not exist finr you; 
What you count not, most surely is not true; 
What you weig^ not^ deroid of weight you call; 
What you coin not^ won't pass with you at all." 

IBID. 



CHAPTER XII. 

IifEXPLioABLB is the nature of Beauty. Only j,^^*^ 
in the feeling does the susceptible soul become not bo 
conscious of it ; and to the logically arranging, ^^^'^ 
scientifically connecting, and theoretically deducing un- 
derstanding, it remame ever a foreign, closed tmitory, 

<* Where all the Wisdom of the wise man leaves him hlind, 
There plays in free Simplicity the child-like mind." 

When with our observations and experiments, with ana- 
lyses, conclusions and proo&, we have unraveled Na- 
ture into a plain, intelligible tissue of substances and 
forces, Beauty and Sublimity enter upon the field, unite 
the disjointed once more into a single whole, and mock 
our endeavors to comprehend the eternally Incompre- 

(3W) 
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hensible. We explain it not, yet it is true ; we compre- 
hend it not, yet there it is. The pure heart speaks out 
unhesitatingly what the acutest intellect never finds : 

" The heavens declare the glory of God ; and the 
firmament showeth his hand -work. One day telleth 
another : and one night certifieth another." 

Elements of No matter, that which we cannot compre 
the beautiful, hcnd, cannot explain, may yet perhaps be s< 
far capable of arrangement and demonstration, that wc 
may come to understand where and why the incompre 
hensible necessarily enters into joint possession of oui 
spiritual life. Though we cannot develop the nature ol 
Beauty in itself, yet it may be possible, perhaps, to dis 
cover what it signifies for us, mankind, under what 
shape it appears, and what its infiuencing elements 
are. 

All species The iuvcstigator of nature knows and un-. 
suke perfect dcrstauds uo Other development than the pro- 
gress from the simpler to the more complex, from the 
less to the more perfect, and thus to him that other doc- 
trine is without meaning, which has here and there been 
attacked and defended, which says that man proceeded 
perfect firom the hand of the Creator, and has, through 
corruption and running wild, become what he now is. I 
spoke of the progress from the less to the more perfect, 
but I must observe that this is only a comparison, a 
human, clumsy conception, which, in reality, finds no 
apjdication in the products of nature, much more in the 
creation of a Holy Author of Things. 

" Though the creatures themselves seem difierent, they 
are truly of like goodness."* 

/:We must adopt a very difierent method in order to bring 

■ ^ 

* ^ 'Bi yof Jtu^ofA Ta ymuoA, olxxct /uu&t Ua-tf de^onros" — Chrysostom. 
•^ wfhoutc 
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this progress nearer to our understandings. The whole ve- 
getable world is, like a single, individual plant, developed 
from one cell. The cell includes in itself the whole life of 
the Plant, in its most manifold phenomena, in its most 
complicated combinations ; but in it, all is still simple and 
easily to be surveyed. The vegetable cell proceeds toward 
its perfect formation, and gradually its separate parts ac- 
quire different import. The whole cell is at first ^ ceii, the 
the common organ for absorption of nutriment, *^ principle, 
for appropriation, secretion, and propagation. At first only 
special portions of the more highly developed ceU take 
upon themselves, exclusively, the function of reproduc- 
tion, the formation of new cells. GraduaDy a greater 
number of cells become united within the compass of 
one plant, and then the special active forces become dis- 
tributed into especial cells, in which, at the least, they 
are more particularly prominent. The process of nutri- 
tion is at first very simple ; from the matter taken up, 
that which is important to the life of the plant is di- 
rectly organized, and the superfluity rejected. Subset 
quently more and more of foreign matters enter the field, 
and the simple, immediate process of preparation of the 
food is broken up into a large series of separate pro- 
cesses, the final result alone being the mediate produc- 
tion of the vegetable substance, while from the interme- 
diate stages originate a number of subordinate ^ oeu, its 
products essentially indifferent. To trace the development, 
comparison further; what seems to us a progress, is in 
fact a development in the truest sense of the word, an 
unfolding and separation of the simple parts which, in 
a higher numeral, are combined into one whole. Thus 
the number 100 is a simple number, but by development 
it may be converted into 99 + 1, or 3 X 33+ l,or 3 X (82 
+ l)+l,or8x[(4:X8) + l] + l, and so on; we can, 
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from the conditions contained in it, set out a most com- 
plicated calculation, instead of the simple mark of 100 
units, the final product of which would still be merely 
100. This is the course which every development takes 
in Nature. 

The sufifering Greek applied to the priest of Hercules 
or j£sculapius. A herb which the latter cultivated 
jEsenUpius ^rouud the temple, served as medicament, and 
tiMft>mid«rof the sacrifice which the priest conducted, gave 
to the mortal trust in the assistance of the 
immortal gods. And what has developed in the course 
of time from this simple condition of Nature t The 
whole complex co-ordination of our ecclesiastical pro- 
fession and the cure of souls, on the one hand, and on 
the other, medicine and surgery, with the numerous 
branches sent out from them, the whole of the natural 
sciences with their separate disciplines ; pharmaceutists 
and druggists are the successors of the priest of .^scu- 
lapius ; the Jardins des plantes^ zoological gardens and 
botanical establishments, all the tracts of land in which 
busily trading Man cultivates ojBEicinal herbs;* are all de- 
velopments of those gardens of the temples. Many 
hundreds of men now co-operate with all their mental 
and bodily powers, to attain better, more definitely, and 
in a more highly developed condition, what that simple 
priest of -^culapius, if indeed with somewhat smaller 
results, united in his own person. Therefore we must 
allow that, if not the work of God, yet certainly man's 
work begins with the imperfect and progresses to the per- 
fect ; that in human ways and doings the condition least 
developed is actually the least perfect. At the same 
time we also find in human development such a separa- 
tion of distinct elements, which, originally, combined 
and undistinguishable, lie mingled as it were in a chaos. 
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But we will here only look at one condition, and seek to 
make it clear, namely, the position which Mankind oc- 
cupies as opposed to nature. 

In the beginning of development we sources of 
always find an intimate and complete blending Mythology: 
of physics and religious institutions, and every original 
expression of the devout feelings of mankind is a 
worship of nature. Thus the Egyptian worship of Isis 
and Osiris, not to menti(vi the holy animals, expresses, 
under the immediate form of an adoration of God, the 
recognition of the natural forces most actively operating 
and most hi^y blessing among the Egyptians; thus 
shapes itself out ^of the luxuriant nature of India, the 
figurative history of nature of Brahminism, and in the 
light sunny hills of Iran and Tehran men worshiped 
the light-bringing sun and its symbol, fire ; while in the 
nortliern mythologies we readily recognize the strife of 
the icy winter and its storms, with the brief summer. 
But most beautiful, most refined and cultivated appears 
this religion of nature in the so highly spiritually gifted 
Greeks, in whose, on the whole, dry and serene country, 
all the fertility of the organic;, world was connected with 
the local and yearly (Jistribtltion of moisture, and thus in 
the deified personifications of the serene 2Jeus, the cloud- 
bringing Hera, the warming Apollo, and the lightning 
Hephaistos, and so on, a wonderfiilly beautiful imagin- 
ing and blending of religion, physics, and poetry, a 
my thus was formed, the richness and plastic beauty of 
which will be an inexhaustible source of delight through 
all time. 

But this condition can only exist in a cer- jj^^^ ^^ 
tain stage of culture of humanity. The in- peued i>y msi- 
quiring curiosity of man makes him soon "^* 
tear the Isis-vail from nature, and the more completely 
27 
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he succeeds in raising it, the more do the gods disappear 
from his immediate vicinity, from the earth, and finally 
from the starry heavens, and all nature with her ma- 
chinery of forces and matters devolves upon the " com- 
mon significance of things," the nnspiritualizing physics. 
There remains no longer any substance, anything essen- 
tial in nature, which requires a God, or contains one ; 
according to dead, unalterable natural laws runs the 
clock-work, and winds itself up, without wants — ^but 
also without beauty, without joy. But strange it is ! the 
inquirer into nature proves incontestably there is no 
color in nature, only ether-waves of different lengths ; 
there are no sounds, only vibrations in the air which 
succeed each other rapidly or slowly, and so forth ; and 
yet the brilliant colors of the rainbow delight bini^ the 
deep song of the nightingale fills his bosom wiJli long- 
ing, he cannot strip from the great pile of soulless masses 
which lie spread out^ before him as a landscape, the 
" golden mist of morning's blush," through which, more 
lovely, it whispers to his heart, or in its sublimity ele- 
vates his soul beyond the limits of the world of space ; 
whither ? he knows not ; only his feelings strike upon 
the barrier. There must be a beyond, but where does 
this He i 

^^ Not in space, not in time. The paradise 

nized by the of uatious, as of the individual, is indeed to 
rimpie-miud- ^^ discovercd in time, if not in space. The 
Eden of man i's even that first original state, 
wherein he yet has taken no account of his condition, 
his position in relation to nature, where God and nature 
yet appear as one to him, because he has false concep- 
tions of both, which he deduces from the analogies of 
his own nature; conceptions which bring nature and 
divinity nearer together, because they place that too high 
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and this too low. But the place of the beyond, toward 
which the cultivated man strives, is defined by no where 
and no when. So long and so far as nature is inexpli- 
cable and incomprehensible to man, he seeks behind 
this, which he cannot see through, a spiritual existence 
like to himself, he endows with life the " Nightside of 
Nature," he peoples it with spirits or specters of his own 
creation, which rapidly fly before the light of science. 
On the other hand, -the wants of his heart make him 
seek for a poii^i;g}[|^in whose intelligent dispositi|>n of 
events he endeavors to find protection against the sport 
of accident or thfe tyranny of fate, and this power he 
paints after the highest he has yet learned to know, ajfter 
the best, the wisest of men, and delivers into the hands 
of this P|3)wiBr, as yet, only the lordship over the pheno- 
mensmnrilJElfich he first learned to fear Accident and 
Fate, that i8,^Mper the play of the forces of nature. But 
man, with hift/eMAptions of God, ever remains within 
the circle of ll^|aiman, and therefore he always feels 
sufiSciently allieKJto this God jpiSbis own creation, to 
claim, when not for himself, jlKj^tfor his Jbappier fore- 
fathers, a direct descent from, or ifnmediateintercourse 
with, the gods. * ' • - 

The far Aer man now progresses in his per- gm inooia- 
fection and development, the clearer, the more J^ena^we. 
transpafbnt, more compreh^sible becomes nature to 
him, but so much the farther does he become removed 
from God, and the more incomprehensible does He be- 
come to him. To the most highly cultivated man is 
God the most inconceivable, since he knows that no 
conception, be it what it may, which he attempts to 
form of the highest Being, can in any way correspond 
to Him ; but only few attain this stage of cultivation, 



816 THE .ESTHETICS OF 

only few really so truly understand themselves, that they 
calmly allow that human knowledge reaches not to 
where God and immortality have their dwelling. Oh 1 
the foolish pride of man, which, that it may not find 
itself too little, would drag down the Highest Being 
into the dust of human intelligibility ! 

The finite eu>- But how shall wc find our way again, and 
not Mttifyos. ^ Quj. proper subject t I think, in this man- 
ner. All nature shows itself to us, bound up in space 
and time, and even for that reason, necessarily appears 
empty and valueless. In bur very hearts lives the de- 
sire, which cannot be repelled, toward something com- 
plete, unchangeable ; we feel justified in the expression : 
" only the Perfect actually exists ;" but that which is 
in space, is also, like space itself, without limits, nowhere 
bounded, nowhere finished, endless, i. ^., inoapable of 
heing completed ; that which exists in tiihe, obeys the 
laws of change^ or the distinct seq\ience of different 
conditions. Therefore in time and space we may not 
seek That which shall satisfy the longing of our hearts, 
the truly existing, completed ; the only actual world of 
God is not the nature which encompasses us. What 
then if all that intuitively suggests itsfelf to us be but 
a teasing delirium, an empty, unreal app^rance? 
There have, indeed, been people who have coipe to this 
strange conclusion, which however, from what Ve have 
been discussing seems to have much appearance on its 
side. But appearance is only valid to the man who im- 
perfectly understands himself. For if we seek further, 
we soon come to the discovery; that space and time do 
not at all belong to the things' themselves, but only to the 
manner and way in which our limited human capacity 
comprehends the things, and, so long as we remain men, 
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will be obliged to comprehend them. Space oureyeifTaa. 
and time are, as it were, the colored specta- ed by time and 
cles, which we all wear from the cradle to '^*~** 
the bier, never able to remove them ; the power even 
of the most cultivated being useless here. But the truly 
cultivated can indeed go so far as to see that he does 
wear spectacles, which do not and cannot show him the 
things as they actually exist. Now, we then conclude 
farther : it is still the kingdom of God which surrounds 
and harbors us,' and only to our humanly limited stand- 
point, to our dust-blinded eyes, is it to be ascribed, that 
we, with the 'semblance of the greatest truth, that is, 
with mathematical certainty, perceive this world as 
though it were estranged from the eternal and holy 
Author of all things. A cloud-vail, which we cannot 
lift, renders the intuition of the Divine in nature im- 
possible, but a condition will, it must come, where time 
and space, those barriers of our human mode of per- 
ceiving, will fall and we shall be conscious of that of 
which we now only have fore-sTiadowings. 

" "We look now upon a mirror, an obscure word; but 
then face to face." 

That seetningly so firm, clear mathematical Beauty and 
perceptfoii. of nature, and, consequently, with sublimity da- 



it all ^ence, is fundamentally the poorest, 
meanest, falsest, because it is merely the humanly limited 
one. But as the highest Divine world is the foundation 
of the nature which appears to man, so the god-like 
spark, lives in us, in spite of our humanly limited con- 
dition, not extinguished, Jjut only covered for a time with 
dust and ashes. This spark, the longing after the eter- 
nal, unchangeable, seeks its satis&ction in its like, and 
* looks upon appearance as \he shadow of the existence, 
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the mechanism ruled hy natural law of the dead 
masses, as the fore-shadowing of the free Godlike^ and 
that which man never can succeed in expressing in clear 
conceptions, lives nevertheless, as his noblest inheritance, 
in the feelings of his heart. This even it is, which meets 
him, inexplicable, incomprehensible, in nature, which 
withdraws itself from all scientific treatment, and yet as 
something better, higher, since all science declares, that 
this it is which fills us with infinite rapture as the beauty 
of nature, or thrills us with unspeakable, holy trembling, 
as suolimity. 

Q^ ,g^ And here the development closes itself into 
i>y the en- a ring ; at the highest stage of culture we again 
receive with consciousni^s and refined insight 
that, with which the unconscious, childish understanding 
set out. Contemplation of nature becomes again the 
worship of God, but only after we have separated all the 
ungodly, human, all the scientifically explicable, com- 
moiJy conceivable, oijtof nature, and naught is left but 
the mystery of beauty. In it buds forth the fore- 
shadowing of a higher significance of all phenomena, its 
recognition is religion, is the purest and most elevated 
worship of God to which man can raise himself; in it is 
the most immediate revelation of the Holy which man is., 
capable of receiving. Let -us, to avoid misconception, 
add, that the beauty of outward corporeal nature is not 
the highest that is met with in life. There is yet some- 
thing more nojile than the material world, this is the 
soul of Man ; JBeauty of soul and the noblest blossom 
of it, pure love, is a still more perfect reflection of the 
Divine, and not out of tlie worid- of matter, but out of 
the innermost life of the* human soiil do we therefore de- 
rive our highest symbol. 



THE YEQETABLE WORLD. 319 

Nature having in this way obtained her ^^ ^^^^^ 
proper significance for iis, we come apparently fw may be 
to the conclusion of our Chapter. Beauty is *°**J^"^* 
incapable of any explanatory science. The decisions in 
which we recognize it, the criticisms of taste, are not to 
be built upon inductive reasonings. For each of them 
stands independent, making its claim to immediate vali* 
dity, even the more when it presents itself in a totally 
different shape to the souls of different beholders. 
Where shall we find matter for a ftirther account of it ? 
If we cannot analyze the nature of beauty, yet we may 
subject the object which appears beautiful to us, to more 
minute investigation ; we may become acquainted with 
its separate parts and characters, their relations to each 
other, and, in something like a system, unfold what ele- 
ments and what combinations animate in us the feelings 
of beauty and sublimity. In analogy to the researches 
into the harmony of colors, rules of composition, and 
so on, we may seek out more minutely in the Vegetable 
World, the peculiarities through which the esthetic im- 
pression which it makes upon us, is effected. 

First of all we must premise, that no part of Botany 
has been so little 'elaborated with genius and taste, as 
this, its very highest subject, and that we shall here 
consequently find little more than sadly unconnected 
fragments. This may serve as an apology for the 
slighter even than sketchy character of the following 
remarks. 

The material which lies at our command, gymbouza. 
arranges itself into three groups, according to t^n of plant*, 
the kind and way in which plants make their Signifi- 
cance felt. The first is the Symbolization of individual 
plants. Man, so soon as he is rescued from the rudest 
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condition of a mere hunter's life, is led by the pastoral 
vocation of the more softened shepherd, and still more 
by the civilizing recognition of property in agriculture, 
to the observation of particular plants, their origin and 
decay, their life and their propagation; finally, their de- 
pendence on the favoring or destroying influences of ex- 
ternal nature, referred to the sun, dew, rain, and soil. 
To the man who first awakens to the feeling of his own 
freedom, who has felt that he is "the doer of his deeds," 
it is almost impossible to avoid pre-supposing, where he 
sees change, activity ; where he sees activity, freedom, 
and therefore spiritual life. Thu&-«t first every plant, 
every tree, every flower, receives a personifying principle, 
an indwelling god; dryads people the woods, fairies 
dance their light circles in the rustling grass. Still more 
definitely does the symbolizing poetry of life subse- 
quently take possession of particular plants, and in re- 
ligion and poetry rich garlands are entwined from the 
peaceful realms of Flora. The longing after a continu- 
ance beyond the imperfect earthly life, eagerly grasps 
eveiy feature in nature whwch poiixts to such an immor- 
8 boiB tality. The solemn and Tasting cypress decked 
of immor- amoiig the Greeks, the graves of the beloved, 
**"^' and the meadows of the Homeric infernal 

world were alive with the blue Asphodelos, the light 
blossoms of which rising again each spring from the bulb 
buried in the earth, told of an eternal revival, a certain 
immortality. On the still waters of the blessing Nile, 
the animating influence of the sun -god Osiris called forth 
from the all-supporting Isis flood, the luxuriant Lotus 
flower, scattering in their great almond -like seeds, ready 
food for the oldest races of mankind, and with grateful 
feelings was this plant consecrated to that mild divinity ; 
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it even became the symbol of fertility, the force symbols 
of development in nature, so full of blessings, °' Fertility, 
and after the absolute necessities came to be satisfied in 
other ways, the use of this fruit, as holy, was forbidden 
to dust-bom man ; Pythagoras, also, together with the 
wisdom of the Egyptian priests, promulgated among his 
scholars the prohibition from eating these beans. Athene, 
the goddess of the serene air, gave to the symbols 
Greeks the olive, which loves to dwell in °^ Di^im^e*. 
Bunny habitations, and the moistener of shores, Poseidon, 
crowned his brow with the shoots of the shore-pine,* 
consecrated to him. 

The union between living contemplation of gui^ect ob- 
nature and dead philological scholarship is, *^'*- 
alas I too new to admit a possibility of tracing the sym- 
bolization of the vegetable world, through every form of 
divine worship that has existed among the various races 
of mankind. Those very sides of the old religious 
myths have up to the most recent times, been most ne- 
glected, in which their connection with the life of nature 
is expressed, in whidi^ therefl^e, would have been fdKnd 
the surest means to their explanation an4 clearing up; 
while now the silliest fancies are only too often substi- 
tuted* 

We of course therefore still find an abun- Andentsym. 
dance of relations between religious my thus *oi» <>'>«>▼•• 
and the Vegetable World, we are not at present in a 
position to interpret. Tlie indication of love and mar- 
riage, for instance, by the rose and myrtle, current even 
among the most ancient nations, certainly does not de- 
pend upon a mere aesthetic pleasure, but on a deeper 
relation to the Greek religion of nature, the deciphering 

* HniiB maritinui. " PoMido2i8 Fine Qroye." 
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of which would indeed explain to us, why two of the 
graces were characterized with the rose and myrtle, but 
the third with the dice. The bow also of the Indian 
god of love, Kamadawa, made from the sugar-cane, 
symbolized something more than the sweetness of love, 
which were but a chilling metaphor, and undoubtedly a 
profound contemplation of nature gave him the rose-red 
blossoms of the amra-tree for arrow-heads. 

It will be readily allowed that this sym- 

Latersym- ^ •' •' 

boiflunezpiain- bolizatiou of the world of plants did not 
^' come to an end with a particular epoch of 

humanity, but that the inexhaustible matter is also pro- 
gressively shared by the poetic spirit of nations, though 
the origin of one such parable may now be lost in the 
multitude of races, or have attached itself definitely to 
one single genius, which has prophesied to the nations 
with such true feeling, that these have adopted^'the for- 
eign thought as common property. Thus it may often 
be diflScult to determine how far up into history reaches 
the first origin and perfecting of a subsequently univer- 
sally used comparison, a typical significatioa of a plant, 
or a process in its life. The courteous lily, the modest 
violet, the proud crown •^^ imperial, and so on, are such 
natural and intelligible figures, that we find theiA alike 
in almost every cultivated nation, and yet we know 
neither of these, nor of countless others, what languages 
directly appropriated the forms, the original authors. 
We are even in obscurity where the peculiarity of the 
symbol points to wholly definite times and places in his- 
tory. The Moslem who returns from Mecca, brings 
back the aloe* as the testimony of his pilgrimage, and 
hangs it up, with the point turned toward Mecca, over 

* Aloe perfoliata vera. 
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his threshold, which then can never more be approached 
by evil spirits. This custom, the superstitious portion 
of which has extended to the Jews and Christians in 
Cairo,^ has certainly some peculiar connection with the 
origin of the pilgrimage to Mecca and with the nature 
of the plant, but what, we know not. 

Many of the figures and symbols formerly symbol of 
in use have become transformed in course of !»»«»*/• 
time, others have taken their places when more accurate 
observation of nature has shown that these express more 
vividly and pregnantly the idea to be depicted. Nay, 
we may often conjecture the castigating satire of a na- 
tion in such changes. The old German honesty* is 
indeed a somewhat substantial, though rude and thorny 
plant, but durable in form and indestructibly true in 
color, while, on the contrary, what is now called hon- 
esty ,t is a little blue flower, falling almost as soon as 
plucked, and its certainly fair, enticing color is bleached 
by a few hours' exposure to the sun. 

But why accumulate these particular citations, since 
every educated person who has a little acquaintance 
with the spirit of his mother-tongue, will call to mind 
these figures from the life of plants, in thousands, from 
its traditions, fairy tales and poems. 

It might, perhaps, be more important and more inter- 
esting to seek out more in the mass, the elements of the 
vegetable world which are the means to Lmdacape 
Aesthetic impression. Here again we meet ^»«t*««- 
with two distinct subjects. That which delights us in 
nature, in the mass, the phenomena of nature perceived 
as a whole, in a word, the landscape, is a mosaic of 
separate and independently existing and significant 

• Eryngiiim. t Veronioa chamttdrTB. 
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things. Wood and meadow, in contrast to each other, 
and thus producing beauty, are* in themselyes, without 
reference to the share they take in the composition of 
the greater whole, characteristic formations of the vege- 
table world, and each in an especial way composed of 
particular kinds of plants into a definite aesthetic im- 
pression. Wo might name such groupings of plants 
as wood, meadow, heath, etc., plant formations, and 
they certainly deserve a far deeper investigation and 
more careful representation than has hit)ierto fallen to 
their shared 

Meuiing ^^* ^ ^® approach closer, we soon find 
of Yegeubie that their peculiar character again is condi* 
tioned to manifold ways by the, so to speak, 
physiognomical expression of the species of plants of 
which they are composed. The botanist distinguishes 
by many kinds of characters, but best and most scien- 
tifically by the peculiar differences and resemblances in 
the entire course of development of plants, larger and 
smaller groups, which are commonly called families. 
The plants numbered in one family are uiuted naturally 
by a narrow bond of relationship, and he who is accus- 
tomed to refined physiognomical studies will not over- 
look the finer family features in which all agree. But 
as on a large scale, among men, those characteristics of 
race and marks of variation, Calmuc-eyes, Negro-skulls, 
Roman-noses, blonde and brunette complexions, etc., 
totally independent of family relationship, first of all 
strike us, so also among plants, it is not the resemblances 
or differences which are produced by actual natural rela- 
tionship, but altogether the more universal, mostly in- 
discriminately occurring peculiarities of appearance and 
structure, on which depends their physiognomical im- 
portance to the composition of the botanical formation 
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and, with this, of the landscape. By taking note of 
these peculiarities of plants, we are next able to con- 
ceiye for them certain universal forms, according to 
which, without reference to the naturally more intimate 
relationship, the plants are merely so arranged together 
as they make a similar common aesthetic impression 
upon us, and at the same time come forward as defining 
the character of the formations, or the physiognomy of 
the landscape in general. 

Thus, instead of some 300 families which botanists 
have now established and distinguished according to 
finer and more carefully investigated characters, we ob- 
tain a comparatively small number of vegetable forms. 

Generally gray and withered, scurfily Form»-iich. 
smooth or spiny, interwoven like gigantic ©M^Moases. 
snow-crystals, causing a chilly shudder, the Lichen form 
clothes the barren confines of vegetation, forming as it 
were the transition firom this to inorganic nature ; while 
the form of Mosses produces a mostly silky-lustred layer, 
like a cushion over soil and jock, with its densely 
crowded, delicate, yellowish-green leaflets. Resembling 
these, yet attaining not to f^de shapes but wate^uiy 
scarcely more than a mere naked surface, **™*- 
clothing not the earth but the waters, develops the 
form of the Water Lilies,* of great importance to the 
beauty of all landscapes. Large, broad leaves, with 
rounded outline, floating flat upon the water, or in a 
dish -like form, elevating themselves a little way above 
it, flowers of splendid color, beautifully formed and of 
great circumference, scarcely dipping into the liquid 



• The most splendid of aU, is the Viotobia Eeoina, with leaves fifteen 
feet, and white and rosy blossoms four feet in drcnmferenoe. 
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element, such are the most characteristic fea-> 
•nd Sedge tm-cs in the physiognomy of these plants. 

™*' The form of the Grasses is distinguished 

above all others particularly by their sociality ; the hum- 
ble stems bear flattened, narrow, pliant leaves of a vivid 
and pleasing green, and on thin ^pedicles their delicate 
panicles wave in the lightest breeze ; in these the vege- 
table world is still bound to the soil, from which they 
rise but to a small height, and which they clothe as a 
soft woolly carpet. Beside these which call forth the 
impression of a serene pleasure, the shepherd^s joy, the 
luxuriant nourishment of flocks, stands the more gloomy 
form of Sedges ; from black, marshy earth project dirty, 
gray -green, stifle, and rugged, roundish stems and leaves, 
here and there bearing balls of brown or blackish blos- 
soms, or white, woolly flocks, the venerable looking hair 
of the fruits, streaming in the autumn wind ; sighing, 
the husbandman name&^them sour grasses, and the 
cattle reject them. On the borders of running waters, 
and at the same time igider^he fertilizing influence of 
the warm, moist trq^pical clima^, the grass rises to a 
nobler height, and the broad-leaved Keed-form,* in Hin- 
doostan, even overtops the trees,f and forms a meadow 
above the forest.* There, in the region of thd'f^matic 

The Plantain liHcs, thc stcm'^wclls with sap,'tl6e leayfes ex- 
*»'"• pand in length and bread tfi, but become so 

thin on either side the mid-rib, that they are readily split 
by the wind ; the plant is of a deep green color, or the 
warmest yellowish-green, shining like velvet, and in 
pure and intense colors beam the great flower bunches ; 



* A bamboo-busli represents this form, 
f PanicTim arborescens. 
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thus originates the Plantain-form.- Through the splendor 
of the blossoms of the plantain and the banana plants, 
through the mode in which the leaves are borne, almost 
resembling that of the reeds, the form of the lily-plants 
stands, as it were between these two, — the only one 
directly included in this sketch which has found an 
artistic delineator, in the French flower-painter, Redoute. 
In the third place come tliB forms of. the The Aroidi. 
Aroids. Triangular or arrow-shaped, green, juicy leaves 
on long stalks, strange and often brightlj^-colored spathes, 
which inclose the club-shaped inflorescence, form the 
plants which, dwelling on the mighty stems of t||e tropi- 
cal forest trees, mark the transition i6 the OrohidaoecB. 
A^ the Leaf-formation stands out predomi- The Heath 
nantly in all these last-named forms, we now *^™»* 
oppose to them some which exhibit an especial develop- 
ment of the stem. In the first place I may mention 
the Heath-form ; humble, branching, woody shrubs, the 
little, duil-green, or gray leaves of which are so densely 
crowded, that they look almost like a mere roughness of 
the branches, and even the often beautiful coloring of the 
dry blossom does not^ obliterate the melancholy impres- 
sion, which the plants always produce where they deter- 
mine thei character of the landscape. The Casuarince 
may be defined as a subordinate group here, and called 
the arborescent Heaths, forming the gloomy, leafless, 
and shadeless woods of Australia. $till more strikingly 
is the formation of the stem favored in the thorny Cac- 
tuses, which consist merely of fleshy, strangely-shaped 
stemp and branches, which Oactus-form recurs cactuafopm. 
again in many other families, for instance in the Spurges, 
the Stapelias, and, though certainly with more impor- 
tant development of leaves, yet with similar physiogno- 
mical expression, in most of the succulent plants, Aloes 
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and Mesembryanthemums. Not indeed in reference to 
their actual organization, but from the considerations 
regarding the peculiar kind and mode in which they 
take part in the composition of a picture of vegetation, 
must we here include among the leafless plants, or rather 
those influencing merely by their stem, all those which 
with the Spanish colonists in America, we comprehend 
The Liane- uudcr the uamc^f the Llano or Liane-form. 
**™' Stretched like strong rigging, or winding 

serpent-like in and out, now like cords, now fl^t and 
strap-like, and now alternately, left and right, with flat- 
tened, crest-like protuberances, the Bauhinias, Aristolo- 
chias. Convolvuluses, Bignonias, and others extend 
forty, fifty, nay one hundred, or several hundred feet, 
leafless and without a branch, from tree to tree, in the 
primeval forests of the tropics; frequently ascending 
upon one tree, circling it even to choking, then leaping 
over on to another, next falling in a festoon, and then 
climbing up again to the topmost summit of a third, 
where the plant perhaps waves a bunch of the most 
splendid flowers in the lighter air; while they mock- 
ingly leave to the wanderer in -the forest's ihade nothing 
but their naked stems with which they often interweave 
an almost impenetrable thicket. From this reason, in 
spite of all the industry of the collectors, there are very 
few cases in which we know how to refer the numerous 
specimens of the flowers preserved in our herbaria, 
to the equally abundantly collected, but often most 
strangely aberrant forms of stems. 
. The Palm- The two clemcnts which present themselves 
form. 2l% it were in an isolated condition in the fore- 

going families are connected into a wholly peculiar de- 
sign in the next; in the beautiful bunch of highly 
developed leaves and the true, independent naked stem 
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of the Palm-form, consecrated by religion, celebrated 
by antiquity and the theme of the poet's song. But 
this form splits up into numerous sub-divisions, in 
which the physiognomical character becomes still more 
individualized by the shape and consistence of the 
leaves. In these plants generaUy, the stem rises from 
•quite an humble mass, reminding us of the globular 
Cactus, up to the slenderest columns several hundred 
feet high, and the impressions which the Dwarf and 
Nipt^ Palms excite, are naturally quite different from 
that of the majestic altitude of die shaft of the W^x- 
Palm in the Andes, which attains a height of one hun- 
dred and eighty feet ; but still it is the arrangement and 
form of the leaf especially which most importantly 
modifies the total impression. In regard to this point, 
we distinguish the arborescent Lilies or the tim aikt*- 
Agave form, the stem of which is often *"^ 
curved in and out, and sometimes divided above into a 
few short, thick branches, the extremities bearing 
bunches, equally expanded in every direction, of lilia- 
ceous leaves, often of a dull green color, and being 
solid and haCfd, thqr are not readily stirred by the wind, 
so that they afford a picture of immovable repose. The 
Thebaic Cocoa-Palms, the gigantic Fourcroyas, the 
Yuccas of Mexico, the Vellozias and Barbacenias of 
Chili, the great African Aloes and the Grass-trees of 
Australia, belong here, and Polynesia furnishes another 
pieculiar form in the Pandaneoe^ with stiff, bifid, shin- 
ing green leaves, arranged in very evident spiral lines, 
whence they are called by the English, " Screw-Pines." 
The contrast to these is ftimished by the Fern-form, 
which with the finely divided leaves, spreading in the 
form of an umbrella, above all possesses the character 
of graceful elegance, and trembling in the slightest 
28 
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breeze, excites the impression of light, free movement. 
The medium between these two extremes is held by the 
Palm-form, in the strictest sense of the term, the perfect 
shapes of which, prefigured as it were by Nature in a 
a still crude and half-abortive attempt in the CycadecR^ 
peculiarly condition the imposing Beauty of the tropical 
world. They deserve that we should spend a few mo- 
ments among them, and we can scarcely do better than 
follow A. von Humboldt here. 

The Palm- The truuks of the Palms are sometimes 
*»™; misshapenly thick, sometimes -weak and cane- 

like ; sometimes swelling out above, sometimes below, 
and at others in the middle; now smooth, as if turned 
in a lathe, now scaly, now densely beset with black 
shining spines a foot long, now wound about with a 
delicate net-work of brown fibers. Strange they look 
when, lifted from the earth by the roots which shoot out 
high up on the stem, they are, as it were, many-footed, 
or conceal their origin in a thick mass of root-fibers 
which have grown down round it. The vast leaves are 
feathery or divided like a fan; the strong leaf-stalks 
(that of the Date-Palm formerly used in G^ioa for walk- 
ing-sticks) are sometimes smooth, and sometimes sharply 
toothed. The green color of their leaves is sometimes 
deep and shining, sometimes of a silvery white upon 
the under side. Now and then the middle of the fan- 
shaped leaf is decorated with concentric yellow and blue 
streaks, like the peacock's tail. 

The Palm- ^ ^^® cafrfageiiand physiognomy of the 
form, its gran- Palm s, altogether, thcrc lies a character of 
grandeur, difficult to express in words, pro- 
duced particularly by the very direction of the leaves. 
The parts of these, the leaflets, are in some arranged 
close together on the flat surface, like the teeth of a 
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comb, with rigid cellular tissue, &s in the Cocoas and 
the Date ; hence the glorious reflection of the sun from 
their upper surface, the green of which in the shore- 
loving Cocoas is lively, in the Dates which skirt the 
confines of the Desert, dull and ashy ; Bometimes the 
leaf looks like that of the Eushes, woven of more ten- 
der and pliant elements and curled toward the apex. 
The direction of the leaves, as well as the stem, gives 
an expression of high majesty to the Palms. The more 
centripetal, the more acute the angle which they make 
with the stem above, the grander and more elevated is 
the form. What different aspects afford the pendant 
leaves of the Palma de Covija on the Orinoco, nay 
even'pf Cocoas and Date-Palms and the heavenward 
striving shootsrf the Jagua and Pirijao I Nature has 
heaped togiHj^ all the Beauties of Form in The jagua 
the Jagua Palnaft, which crown the gi'anite ^■^°"- 
rocks of the^a?aracts of Atures and Maypure. Their 
smooth slender stems rise from sixty to seventy feet high, 
so that they project like a colonnade above the thicket of 
deciduous trees. Their aerial summits contrast strangely 
with the thickly-leaved Ceibas, with the woods of Zau- 
rinecB and Balsam-trees which surround them. Their 
leaves, seldom more than seven or eight, aspire almost 
vertically fourteen to sixteen feet upward. The points 
of the leaves are cuij^ ng m as to resemble a bunch 
of leathers. The Id^eta &re of a grass-like, deli- 
cate tissue, and flutter lightlv and airily about the 
slowly-waving leaf-stifflL In Palms with feathered 
leaves, the leaf-stalks either •pring from the dry, rough, 
woody portion of the shaft, ot^fyfta the rough portion 
of the trunk projects a grass-grei^, smooth and more 
slender shaft, like a column upon a column, from which 
the leaves proceed. In Ihe fim-leaved Palms, the leafy 
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crown often rests upon a bed of withered leaves, a cir- 
cumstance which gives a solemn, melancholy character 
to the plants. In some of thei umbrella-Palms, the 
crown consists of a few fans elevated on long, slender 
stalks. 

Palm inflo- In all Falms the inflorescence breaks out 
"**"**• from the stem below the origin of the leaves. 
The way in which it breaks through equally modifies 
their shape. In a few, the great horn-shaped, rolled-up 
sheath stands upright, and from it rises the dense bunch 
of fruit like a Pineapple. But in most, the sheath, often 
several feet long, now smooth, now rough and hostile, 
hangs down, often with dazzling luster, which glances 
far in the distance. 

Palm fruit The shapc and color of the fruit, too, are 
more varied than is usually imagined. The Lepido- 
carya, the Sago Palms, are adorned with egg-shaped 
fruits, the sC^y, brown, smooth surface giving them the 
aspect of beautiful young Fir-cones. What a remove 
from the enormous triangular Cocoa-nut, to the berry of 
the Date and the little cherry-like stone-fruit of the 
Oorozo 1 But no Palm-fruit approaches the fruit of the 
Pirijao of St. Fernando de Atahapo, in. beauty ; ovate, 
golden, and scarlet apples, hang down in crowded Grape- 
like clusters from the auiomit of the maiestic stem. 

This may serve to coMd| the#haracteristics of the 
Palms, but a last prim^^y to^ ^ remains to be consi- 
dered, in which the Jeagyfagstdm formation, most inti- 
mately blended and inse^raJJi^etermine the total im- 
pression, not, however-jplmout this receiving peculiar 
modifications, sometMBfrom the stem and its ramifica- 
tions, and sometim^nbm the leaves and their forms. 
The form of Tre^ again falls, in still greater measure 
tiian the Palms, into special characteristic sub-forms. 



THE YEGETABLE WORLD. 333 

Three are so evident to everyone, that it is 
scarcely necessary to mention them. These *** 
are the form of Decidnons or Leafy Woods, with their 
stems branching in every direction, and their abundant 
short and broad foliage, forming dense, compact v^e- 
table masses; the Willow-form with loose, wand-like 
shoots, narrow or long-stalked, flattering leaves, the 
lower sides conmionly clothed with white hair, investing 
them with a peculiar silvery splendor, which is repre- 
sented among ns by the Willow and Poplar, in the sonth 
by the nsefnl Olive;- thirdly, the form of Conifers or 
Needle-leaved Woods, distingoished by their narrow 
leaves of dusky green color, and branches sent off in 
whorls or expanded like the ribs of an umbrella from 
the reddish-brown Irunk ; a dwarfish but dense Sedge- 
vegetation dwelling on a tree. 

In opposition to these range themselves nwicauow- 
three Forms from the southern or equinoctial *'™- 
regions, whicli with a totally distinct natui'e, allow of 
comparison with them in many respects. «The mass of 
the Leafy Woods, especially, the underwood of the Bus\ 
is peculiarly characterized in the tropics by tiie Mallow- 
form,'"' in which the great palmately-lobe^Amd usually 
long-stalked leaves, in all their expanse of sur£su^ 
giving no deep shade, on account of their loose arrange- 
ment, are distributed over a sten^^VhichniB generally 
short and thick, branching into/f Crown only at the sum- 
mit, or, more rarely, sending out long, crooked branches 
to a great distance. The giant of the Vegetable World? 
the sacred Baobab,t the shapeless mass of the barrel- 
like, swollen trunk of the Bon^bax, and the purple- 

• At the lower part of the right hand vik<b *'<ff fhe Frontispiece, is a 
HiBieoirs, which exhibite the broad and yet taij foliage of these plants, 
t Adansonia digitata. 
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blossomed Hibiscus bush belong to this assemblage of 
forms. 

The lmtci- From thfe peculiar impressioa which the 
**™- plants maiSihrough the texture and color of 

their leaves, the Lot^r^and Myrtle^orm is more allied 
to the northern W^il^sj from w^^l^nany New Holland 
Myrtaceas are evetf'pfaysi^giK^j^^l^x^ndistinguishable. 
As a whole, broad, ri^d, an(L^@HiM^^ leaves, shining 
^ if varnished, and inflecting th^^f ht with dazzling 
brightness, are certainlV, the ^igtiai^shing^^^tures of 
the plants, but they are sWng^ly illQRified-^^ a dense 
white felt, as in the Proteaceoe^i^oih^ the lower sur- 
faces of the leaves, and mingles a siltery tint with the 
V' TiM Andft. shining green. But I should regard the Aca- 
fvm. cia-form ^s tihe most perfect among plants. 

s The varied, often isunplyf-umbelled, ofl;en airily-reticulated, 
often Oak -like gnarled branching of the here slender, 
there massive stems, is such a source of Beauty in the 
so favoring abundance :of T^riation of form, multiplied 
in the highest degree fey the light feathery leaves, which 
now small and elegant are marked out like the most deli- 
cate lace and embroidery against the clear sky, how 
stretching «rtde in picturesque curves, emulate the Palm 
leaves. The Eobiuia, naturalized here from North 
America, gives but a weak picture of the delicacy, 
splendor, and majesty to which this Form develops be- 
neath the quickening influence of a tropical sun. 

Although we restrict ourselves to this sketchy enume- 
ration of the characteristic forms of Plants, Nature her- 
Fbrms yet B^lf rcudcrs it altogether inadequate to paint 
nndeBoribed. jjey wealth ; but it is here that we feel most 
the want of accurate and at the same time artistic deli- 
neations. Travelers ,*^only too often dull coUectoi's, have 
as yet far too little cultivated this department of the 
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study of nature. Even among those who have taken 
account of it, there are many whose vision is not calm 
and clear enough to separate whdt appeared to them, 
subjectively, striking, and interesting, from that which 
defined the character of the landsca^; many, in the 
frivolous desire to say something'sing^lar^ string together 
laboriously sought words, yet give na picture, or deliver 
themselves over to the excess of fcejing and the flight 
of an unbridled imggination. Karely do we find the 
classic objectivity ind the plastic subjectivity, which 
distinguish the sket^llKs of nature of the clear Gothe, of 
the rich and lively Seatsfield, but above all, of the 
master of science, artistic perception and language, Alex- 
ander von Humboldt. 

I have arranged these forms according as Fonnainre- 
they merely clothe the bare earth or rise above la^on to dis- 
it as independent shapes, and the latter ac- 
cording as they especially by fcliage, or more through 
the characteristic appearance of the stem, or, lastly, 
through a combination and blending of the two, excite 
the particular impression which is made upon the be- 
holder of a landscape determiiied by them. But it is 
possible to establish another, more important ground of 
division, one taking up more the artistic stand-point. 
As we divide the landscape itself into foreground, middle 
distance, and distance, so above all must the character- 
istic vegetable Forms be comprehended in their varying 
importance to these three portions of the picture of 
nature, and be introduced in accurate drawing. The 
little Form of Grasses, only of importance in the total 
impression of their mass, loses nothing by greater dis- 
tance, while the Plantain and Aroid plants bear to be in 
the nearest foreground, on account of the beautifiil form 
of their large leaves. On the other hand, the delicate 
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outlines of the Mimosa leaves become cooftised into a 
green mass in the back-gronnd, while the more lofty 
Palms, if brought too near, are incapable of giving the 
total impression, and thus their Beauty actually ceases 
to exist. 

"Views of Future travelers will multiply the number 
vegetatkm." Qf vegetable Forms, bring forward their im- 
portance more determinately, and teach us to perceive 
the delicate shades of distinction which will allow those 
great groups to be broken up into smaller ; and we shall 
especially gain in our attempts to form impressions, when 
a greater store of such artistic representations lie before 
us, as the Baron von Kittlitz has, with inimitable truth, 
furnished in his Views of Vegetation. 

„ ^ The relation of these vegetable forms to 

Forms inre- i . . o . 

lation to hu- man, to his intellectual and moral culture, de- 
mancuitare. g^j-y^s our most carcfiil study, but as yet re- 
mains almost wholly unobserved and uninvestigated. 
Here these types of nature first acquire their higher sig- 
nificance, and become to the psychologist and the ethno- 
grapher, almost as important as to the botanist. That 
the idea of the world must be difierent to him who ob- 
tains his first impressions fi:om the solemn, winter-green 
Pine- woods of Sweden, to him who grows up among the 
misty highland moors and heaths of Scotland, and again 
to that man who from his infancy has been surrounded 
by the glancing leaf of the Laurel and the Myrtle under 
the serene sky of Greece, seems to be so plain that it 
hardly requires mention, and yet the Idea of Life arising, 
from this is more easily felt than clearly and distinctly 
developed in words. As in Mythology, so here, the 
side most fruitful and most full of life has not yet been 
at all investigated ; nevertheless we hold as a general 
proposition that there is no study, which in any way 



THE VEGETABLE WORLD. 887 

soever relates to earthly relations, or is realized in such, 
which is or can be more than a dead "Word-learnedness 
or untrue phantasy, if it have not its foundations in the 
Science of Nature. Man does not understand the 
human Soul without connexion with the Body, and this 
not without its dependence on all Nature, and what there 
may be beside, whatever can become an object of Science. 
This influence, which gives the vegetable Nature'^com- 
world an especial value in the development wnedinfluonot 
of Mankind, is not shown by the forms of 
plants by themselves, but rather only in and through 
their combination into the already named Plant-forma- 
tions. Here, again, no more can be exp^fH^d from me 
than a slight indication of the infinite wealth of Nature ; 
the narrow frame in which my pictures are confined, 
forbids more. Nay, if we intended completely to exhaust 
the subject, we must even draw the Animal world and 
Geological elements into the circle of our contemplations. 
The natural Man lives not with this or that natural body, 
but with All that surrounds him ; the landscape with all 
its inseparate elements acts upon his tone of mind, and 
thus imperceptibly upon his entire inward history; only 
gradually, in advanced culture, does it become possible 
to extricate the individual components out of the picture, 
and to analyze the general impression into its separate 
influences. Not the Grass, but the Meadow, not the 
Tree, but the Wood, not the Myrtle-bush, but the whole 
surface covered with low, bushy, evergreen plants, which 
draws itself like a girdle round the Greek mountains, 
contrasted on one side with the blooming meadows, on 
the other with the aspiring Pines, — these have worked 
the mighty influence on the delight or melancholy of 
men. So will the considerations of the Plant-forma* 
29 
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tions, as they are composed of those fonns, have uneqna^ 
import to us, and the more that herein especially is ex- 
pressed the peculiar character of different countries. 

Tropical re- No inhabitant of our climes, whom a 
getatioo. friendly Genius has guided to the rich world 
of the vertical sun, and happily restored to his home, 
has found it possible to resist the impression which the 
peculiarity of tropical vegetation made^upon him, and 
never will he forget it. -^ The common expressions by 
which men attempt tO'"a)uvey its character, richness, 
fullness, luxuriance, et^'^re but dull and obscure, nay, 
even false, since he whoiias ever seen a northern primi- 
tive forest, the mighty, spreading trunks, the mouldering 
bodies of the deadfthe plenitude of Ferns and Mosses 
clothing and enliloping all, living and dead — must 
come to the next to true belief, that a greater luxuriance 
of vegetable growth is not well conceivable. But a more 
accurate conception i§ awakened by the statement that 
the nearer we approach thd^ot regions, the more the 
social plants, disappear, and the nlore the most diverse 
forms become internpixed. And yet, tfec^e as this propo- 
sition is, those wiifcbe less inclined to admit it who, de- 
pending on the pfiySognomy more than on botanical 
definition, recall to inind particular characteristic forms 
of wood, bush, or steppe— for the explanation indeed 
names the fundamental cause of the phenomenon, but 
does not demonstrate how the same brings about the final 
result. 

When we have, from the dusky shadows of our thickly 
leaved Beech woods, formed an ideal conception of the 
incomparably fuller and more crowded vegetation of a 
ti-opical forest, we feel strangely disappointed to find all 
there so bright and full of light. 
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This wealth of vegetation, which descends xropicm fy, 
from the loftiest summits :>f the Palms and rest fuu of 
BerthoUetias, from spray to bough, from bough ^ 
to trunk, beclothes the earth and hangs in rich festoons 
across the airy interspaces, would be totally impossible 
if the indispensable light had not free passage down 
even to the humblest comers. The dense shade of our 
woods, which, compared with the tropical forests, even 
<mr needle-leaved Firs produce ♦by their closely-crowded 
branches, — ^through which tli^y are enabled to resist the 
autumnal storms, the .^^age ^inter, the burdening 
weight of the snow-ma&es-^prevents that rich and va- 
ried development of >iBeg^ble life immediately beneath 
the trees, which, under the tropics, fills up and decorates 
each nook in length and breadth, in^iieight and depth. 
For the character of the tropical forest trees lies in a 
peculiar, wide-spreading, aerial ramification, and a foli- 
age which, imitating in little and particular, the bearing 
of the Palms, only makes good its place on the extremest 
points of the branchlets. Beside this, there is the great 
diversity of the plants which are. assembled in a little 
space, and shoot up into the air it such varying modes, 
that even in the distance, a tropi^^wobd does not pre- 
sent the simple rounded outline of a northern Beech or 
Lime wood. Lastly, too, come& the predominance, or at 
least frequent occurrence of shining leaves, which, re- 
flecting the light, send it down into duskier shade; or 
the white surface of the high upraised Palm-leaves and 
other foliage, which, like mirrors, throw the sun's rays 
into the inmost recesses of the woods. From these and 
from countless other separate little features is 
ire composed, which meets us with so foreign a 
^r and such attractive charms. 
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pi»st«>nn« When we speak of Plant-formations we 
eomparedwith boiTOw this expression from another Science, 
GeoiogicaL Gcology, and think, so far as a comparison is 
admissible, to mark a similarity. In the same way that 
in the geological consideration of the earth's surface, we 
first of all distinguish between level land and chains of 
mountains, we may here also, in the application of these 
considerations to the vegetable world, first divide, as two 
primary forms, the Plains from the Woods. Each of 
these primary divisions falls again into particular forma- 
tions, and these it is, which here and there developed, 
appearing prominent or repressed, determine here, as in 
Geology, the geological, the vegetative, landscape cha- 
racter of a country. Especially in the investigation and 
delineation of these formations really lies the charm 
which is usually, by a confusioiv.of ideas, ascribed to the 
Geography of Plants. This can and will pursue scien- 
tific aims, set itself theoretical prqblems and solve them 
— and 

" Gray, dear friend, is every Theory," 

but "green, the golden tree of Life; " and it has been 
pointed out how it is "exactly this impassable to rigid 
science, aesthetic side t)f Nature, which, though myste- 
rious and diflScult to trace in its action, yet interferes 
most powerfiilly, determining, restraining, or furthering 
Man taught thc coursc of Spiritual development. "As 
by nature. ^jjg Man, 80 is his God," is certainly true, but 
we must go farther than this and add, Man in the earli- 
est stages of his culture is as the Nature amid which he 
has grown up. 

On the other hand, we must not neglect to exj 
essential distinction wherein the Geologic formal 
fers from the Vegetable. The former stands unaltSBle 
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and unchangeable in strongly marked fixity, 
at least far beyond Man thinking and reckon- aspects k^ the 
ing, at the highest, by centuries ; the latter, ^"**°*- 
on the contrary, with the imprint of organic life, follows 
in its way the play of the mighty forces of the Earth. 
The design is not fixed and immovable, but as the cha- 
racter of Nature in the mass alters, it exhibits other 
features, and looks upon Man, as it were, with another 
countenance ; and the same forms which to-day awaken 
joyful feelings, may perhaps to-morrow depress the soul 
with a picture of melancholy desolation. The farther 
we advance up into high latitudes, the more do the Sum- 
mer and Winter clothing of Nature differ, and according 
as the climatal conditions cause one, two, three, or four 
Seasons, so is the physiognomy of Nature now fixed and 
unchanging, now with characters alternating in mani- 
fold ways. But not »on this or that isolated condition, 
but very especially on the mode in which the history of 
Nature, the course of its changes, determines the time 
for the accompanying activity of Man, is founded the 
mighty influence upon the feelings, and their play on the 
train of thought and its improvement. While the dull, 
faded green of the Fir leaves, under the load of their 
covering of snow, renders the impression of Winter still 
more gloomy and melanchofy, the bright luster of the 
evergreen leaiy woods of the South, feigns a Summer in 
the breast of Man, even though the frozen body give the 
lie to that meteorological error. 

It is difficult to give the character of the Aspect of 
various Wood-formations in words, with even ^^* ^oodM. 
a s mal l proportion of that vividness and reality which 
thiHpidscape Painter so readily attains by drawing, 
foliage, color, and effect of light. Nevertheless, the dif- 
ferences are striking etiough to all who approach Nature 
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with open senses. Even the Fir and Pine woods exhibit 
essential differences in their features ; the former with 
straight stems arranged parallel to each other like col- 
umns, with the conical crowns of verticillate branches ; 
the latter bearing on the gnarled, curved trunks, the 
lines of which cross in all directions in perspective, a 
flat umbel of foliage, a bearing which is most purely 
and nobly exhibited by the Stone Pine. These Pine- 
woods, which extend over miles of country in the Mark 
of Brandenburg, are repeated in more luxuriant develop- 
ment in the " Pine barrens" of North America. Here, 
as there, loving a sandy soil, they extend in a broad 
band several hundred English miles long, down to the 
coast of Virginia and North Carolina, forming by their 
mass a very prominent feature in the physiognomy of 
the whole country. 

Aspects of Still more striking is the distinction be- 
Leafy Woods, ^^qq^^ tj^g particular formations of the Leafy 

Woods ; the crowded arrangement of the social Beeches, 
Limes, or Elms, produces woods with dusky shades and 
a soil void of vegetation, while the proud Oak, repress- 
ing the growth of all otj^er trees in its immediate neigh- 
borhood, stands alone upon a soil pleasantly clothed 
with grass and herbs, or unites in small groups to form 
those wonderful woodland landscapes, to which the im- 
mortal pencil of Ruysdael so often introduces us. Dif- 
ferently acts the massive luster of the Magnolia woods 
of the southern part of North America, from the elegant 
beauty of the African Acacia groves, or the ghost-like 
transparency of the Northern Birch, and the whole tro- 
pical world unfolds a multiformity, the descriptign of 
which would be an inexhaustible theme. I wil^pily 
take notice here of a strange contrast afforded in some 
regions of the hot climate. 
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The rude cold of Winter robs our woods of Dedduoua 
their fairest adornments, and leafless stand out ^*'**^' 
the dark branches from the snow or the moist black soil, 
in the gray, gloomy November air ; as a reverse to this, 
the Brazilian traveler wanders in the glowing heat 
through the Catingaa^ woods which through the drying 
influence of the sun are defoliated in summer, and with 
their bare branches contrast strangely with the fresh 
luxuriant green on . the banks of some little brook, or 
against the succulent, fleshy masses of the Cactuses im- 
touched by the burning heat. 

But ev^n in the freshest foliage the woods ibreit 

may assume the character of awful and ter- swamps. 
rible wildness. When the dense foliage hinders the ac- 
tion of the sun and the refreshing breeze, and thus re- 
tards the decomposition of the vegetable masses, where 
the ground, flat and without any declivity, allows the 
accumulation of water, and the more since the heaped-up 
bodies of dead plants continually increase the barriers to 
the efflux, and the humus formed greedily sucks up the 
moisture — there are formed the most extensive swamps. 
By th^ progressive accession of the remains of vegeta- 
tion the ground becomes elevated, and such spongy, 
semi-fluid masses often lie, at length, far above the level 
of the surrounding plain, the sun's heat never sufficing, 
even when storms remove the protecting roof, to dry up 
the marsh, or to restrain its increase. Such a swamp 
rises twelve feet above the surrounding plains in Virgi- 
nia, between the towns of Suflblk and Walden, and is 
called by the inhabitants " the great Dismal," giving 
origin to considerable rivers and supplying them with 
wfler. The North American Cypress* it is, which with 

* Cnprewiu distiohft. 
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its delicate but dense foliage gives rise to the formation 
the Cypress of thcsc strnctiircs. It is the same tree which 
swunpi. forms the terrible, evilly-renowned Cypress- 
swamps of Louisiana, on the banks of the Bed Biver 
and the Mississippi. Gigantic trunks of unprecedented 
mightiness crowd together, interweaving their branches 
and spreading an obscure twilight in the brightest day. 
The soil consists merely of half-decayed blocks piled one 
upon another, altematft^ with a fathomless mud, in 
which the voracious aUigitors and snapping turtles 
wallow, the sole lords of this hell, steaming up almost 
beneath the tropical sun,— thus in the heigh* of Sum- 
mer ; in the Spring the thick, miry jfloods of the issuing 
streams impetuously overflow this malignant vegetation 
for many miles. 

Thus these Cypress-swamps, of which Seatsfield has 
given us such a vivid picture, correspond in inland 
The Man- countrics, to the Maugro^c-woods which 
groTeSwampa. border the mouths of almost all the tropical 
rivers. Composed of a very few species of plants, 
among which the Mangrove-trefe is the most common, 
they are especially striking from the great number of 
strong roots, springing out high up the stem, and bearing 
this aloft above the surface. The peculiar habitation of 
this plant is the brackish water^ which consists, at the 
ebb, of the fresh water of the river, which is dislodged 
by the sea- water at the flood. The numerous roots often 
form a so thickly entangled mass that the interspaces 
may be slopped up by the falling leaves, collecting thus 
a soil for a new vegetation, beneath which, at difierent 
hours of the day, roll the waves of the river and the sea. 
But more frequently the roots merely operate to reHfd 
the flow of the water and to retain in their interlace- 
'ts the vegetable and animal bodies driven down the 
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river, which then decay here in contact with sea-water 
and its salts. In these regions the terrible sulphuretted- 
hydrogen gas is developed so abundantly, poi- Poisoned air. 
Boning the atmosphere, that the natives who have lived 
in these abodes from their youth upward, totter about as 
it were like specters, while death almost inevitably 
snatches off the Europeans who enter tiiere. These 
woods are especially the foe which, hitherto unconquered, 
has opposed almost all the Niger expeditions, and fear- 
fully thinned the ranks of the bold adventurers. I too 
had a friend, the lamented Theodore Vogel, who, too 
early for Science, fell a victim to this demon at Fer- 
nando Po. 

As the hill between mountain and level land, so be- 
tween the Wood-formation and the Plain, a link is 
formed by the Bush and the plains displaying merely 
small, isolated groups of trees. 

A portion of the so-called woods on the open woods 
northern coast of Australia must be reckoned ®^ Australia, 
here, those which clothe the enormous tract extending 
southward into the interfcr from RaflSes Bay and Essing- 
ton. They exhibit a wholly peculiar physiognomy, 
which is repeated almost everywhere throughout this 
strange country. The trees and bushes have leathery 
leaves, the majority of them being covered with a white, 
resinous powder, which gives them the most monoto- 
nous, dismal, pallid look possible. The principal trees 
are species of Eucalyptus^ Acacia^ Leptospermum and 
Melaleuca (Cajeputs). Many other plants, scarcely to 
be reckoned by the side of those named, live beneath 
the shelter of these lofty grayish stems, which stand far 
apart, and by their meagre, incessantly trembling foliage 
remind us of the weeping Willow. Handsome tufts of 
Grass with long, slender halm, grow throughout the 
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whole extent of these Bushes, and in them nestle the 
kangaroo, with the ring-doves and other birds. The 
sun's rays readily penetrate between the narrow leaves, 
always waving on their long petioles, and produce an 
uncertain light mingled with fleeting shadows. The eye 
sees far up through the vault of twigs and leaves, and is 
arrested, not so much by the density of the vegetation 
as by the continually changing glance of an uncertain 
mystic light. ' 

The Palm- Still lighter, still less representative of the 
««^~* closed condition of woods, is the proper 

Palm-form where the social kinds are grouped together. 
The real Palm-groves on the northern border of Sahara 
and on the shores of the Brazilian rivers, more resem- 
ble open columned halls with perforated roofs ; and on 
the dry soil of the elevateiplains of Mexico the steins 
of the Yucca, Fourcroya, and other high-stemmed Lilia- 
ceous plants are collected in a very peculiar way, afford- 
ing neither shade from the sun nor shelter from the 
wind. To these approach the deformed masses of the 
Maguey -plants, with their broad, thick, rigid, dull-green 
leaves, sharply toothed on their borders, and their flow- 
ering stalks twenty feet high, rounded off into strange, 
fantastic, and impenetrable Bush by Cactuses of mani- 
fold forms. •; 

# 

Various ^^® impenetrable ChapparaU in the exten- 
Buflh- formar sivc plaius bctwceu the Nueces and the Rio 
tious. Grande, formed of Musquito-shrubs six to 

seven feet high, entwined with Lianes ;• the Palmetto- 
fields on the shores of the Sabine, Natcnez, and other 
rivers of Texas, formed of Rush and Dwarf Palms ; the 
low Acacia Bush of Australia Felix, and lastly the wide 
jungles traversed by the elephants and tigers in the 
East Indies, and formed of Bamboos and other lofty 
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Grasses, are all peculiarly characterized Formations of 
Bash, which often not attaining the height of a man, or 
but little exceeding it, do not all betray at the first 
glance the frequently insuperable obstacle they ^oppose 
to the intruder, and even after Man has settled in the 
neighborhood can only be traversed by paths which the 
wild animals have made. 

Change, by the movement it produces in cimng« 

sensation or in the thoughts, is^an important an element of 
means to the awakening of Aesthetic pleasure ^^™*^* 
or interest. The straight line is not beautiful, indeed 
neither beautiful nor ugly, but the curved, broken line, 
inviting the eye to divergent motion, makes a claim to 
fiBsthetic criticism and we call it beautiful when the 
movement of the eye is gentle and continuous, ugly, 
wheft the eye, frequently and suddenly diverted in its 
course, cannot follow the angular lines with one con- 
nected movement, but only by immediate change of 
direction. But the feeling of Beauty may also be 
awakened by contrast, by opposition, when as it were^ 
the phenomena satisfies an unperceived fimdamental law 
(as in the well-known assembling of the complimentary 
colors) and the demand for the completion of an ideal 
whole ; and so in contrast itself a contenting feeling of 
completion is excited. These remarks will perhaps 
make us better understand the oft-repeated statement 
that hot regions lose a main charm of the landscape in 
the want of our meadows, for grass-grown, treeless 
plains are by no means wanting in the New World, 
generally, and especially under the tropics of both the 
Old and New Continents. 

But when we speak of the beauty of our Meadow «nd 
meadows, we do not in reality at all mean the Piafa* compared. 
meadows themselves, that is the grassy level surfaces, 
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but the varying shapes, and thence agreeable contrasts 
between the velvet-like gr^n carpet and the bushes rising 
from them in fair rounded Tfprms up to the majestic hilly 
woods ; and the gloomy Pine-heaths of the Mark would 
not become any more beautiful were their endless sur- 
faces, which cannot be wholly surveyed from any hill 
occurring there, to be overgrown with ev^r so rich a ve- 
getation of grass, in the absence of all tiniber. 

When we now place beside the Wood-formations, those 
of the Plains, we introduce quite a new aesthetic element 
into the contemplation of Nature. The woods we can- 
not imagine divested of the element of Beauty, on ac- 
count of their wealth of form, th^omplexity of confi- 
guration, which continually excite the feelings and the 
mind to varying activity. But it is wholly different 
with the great plains of plants, which make quite a pe- 
culiar impression on human nature. 

The Prairies With B. kind of feeling of disappointed ex- 
of the West, pectation rides the traveler in the Pl-airies of 
the West, anything but refreshing appears the monoto- 
nous surface uniformly overgrown with high grass, the 
line of the horizon unbroken even by the smallest eleva- 
tion. He rides and rides, but ever boundless space ex- 
pands before his eyes, in the same uniformity, in the 
same calm simplicity. The idea which he at first 
avoided, the infinity lying beyond little humanity, will 
present itself to him, the feeling of hopeless loneliness 
creeps gradually into his heart. One day after another 
climbs the east, and sinks into the west. Ever wider 
and wider extends the endlessness around him and grows 
beyond all his previous conceptions of magnitude. Self- 
consciousness shrinks into narrower bounds, and ever 
more paralyzing and oppressive lies the feeling of no- 
thingness upon his trembling soul, and before he has 
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reached the further border, despair, or an infinitely deep 
and inward piety, has takeiq^N possession of his heart. 
Whenever uniform magniti^e makes an aesthetic im- 
pression, it is that of subliniity, before which man sinks 
in adoration to the dust. One particular modification 
of these Prairies, is very characteristically named by the 
settlers "roiliiig prairie," a boundless sea of smooth, 
uniform waves ofeparth, twenty to thirty feet high. I 
do not venture ;to describe the other angry glowing vis- 
age of these gijtot meadows, when, in summer, accident 
Or design has jfi^dled the dry grass, and the fire rolls 
forth over the plain with wild rapidity ; after Cooper and 
Seatsfield, this would be to carry owls to Minerva. 
'>^ Situated under similar latitudes and clima- The Pampas 
taFconditions, the Pampas of Buenos Ayres ^ Buenos 
have a character similar to that of the North ^^'* 
American prairies, only Man by his influence upon Na- 
ture, kas^^ here and there impressed a peculiar stamp. 
The lS|istle and Artichoke coming with the Europeans, 
have quickly made themselves masters of the free soil, 
and with incredible rapidity overspread districts of many 
square miles with their spiny vegetation, which has here 
developed in a luxuriance unknown in Europe. These 
This tie- wastes have become a terrible nuisance, them- 
selves robbers, depriving better plants of the soil, inac- 
cessible hiding-places for the great thievish and sangui- 
nary Cats, and the still more dangerous human bandits, 
the thorny weed of semi-civilization. 

One might almost assert that we are less ac- Heathpiaint 
quainted with the peculiar Steppes which lie ®^ Europe, 
closest to us, than with those natural forms of distant 
lands which have become almost familiar to us from the 
descriptions of gifted men, for in fact, one hears only too 
often in conversation, what mistaken conceptions people 
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have of those extensive plains which are commonly 
known by the name of the North German Heaths. 
From the western border of northern France, through 
Belgium, North Germany, and Eussia, almost to the 
eastern confines of Siberia, extends a broad plain rarely 
interrupted by low chains of hills, and just as rarely 
aftbrding fitting soil for extensive growth of wood which, 
on the whole, confines itself to the more favorable soil 
moistened by the vicinity of rivers. Along the southern 
border of this plain extends a chain of hills and moun- 
tains, now projecting forward like capes into the broad 
surface; now retreating into broad or narrow creeks, the 
coast of a sea formerly covering the whole plain. Over 
all this endless expanse has one single species of plant 
established an almost exclusive predominance, the Heath, 
which has lent its name to these tracts of land. Condi- 
tions similar to those which produce the distinction be- 
tween the Pine Barrens and Cypress Swamps in North 
America, are also active here to cause an ^essential dif- 
ference. The great flatness of the ground, even geologi- 
cal conditions in many places, as where slight elevations 
of the land forming flat inclosed basins, prevent, in 
many situations, the free discharge of the water, and the 
Heath, backed by the special vegetation produced by the 
moisture, forms by the annual accumulation of vege- 
table matter, which in water only becomes to a certain 
degree carbonized or decomposed, those black masses 
of the remains of plants, which as peat bear such an 
important part in the economy of the inhabitants. 

Varieties of Thus iu varfous modcs of distribution alter- 
Heaths. jj^j.^ sLTid^ dry Sandy Heaths with moist, 

spongy Peat Heaths or Moors. On the margins of the 
latter, more rarely actually upon them, a more or less 
healthy vegetation of Trees settles, and on the heaths of 
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Limeburg are often found splendid Oaks, which, over- 
shadowing one of those pleasant, straw-thatched houses 
and thrown out by the back-ground of the peculiar red 
tint of the glancing Heather, produce a picturesque 
charm which would not have been expected here. With 
these great Moors may be associated the Peat Moors of 
some of the higher mountain chains of the Brocken, the 
Kohn and the Fichtel-Gebirge and so on, and the so- 
called Mosses of South Oermany and Switzerland. 

In another climate, in another zone of mobs and 
vegetation, exist similar conditions, stretching i^ci»en Pi*in«« 
across the extreme north of Europe. As there the arid 
Sandy Heaths alternate with the wet Moors, so here in 
a more varied manner do the dry, waterless tracts, with 
the marshy grounds. But we are here in Wahlenberg's 
region of Lichens and Mosses. The arid situations are 
clothed, in expanses over which the eye cannot reach, 
with dry, lead-gray Lichens, among which the reindeer 
seeks his meagre sustenance, and in the half-fluid 
grounds, which will not bear the lightest footstep, a lux- 
uriant vegetation of Mosses deceives us, in the distance, 
with the aspect of a Bmiling meadow. Here the incau- 
tious wanderer sinks into the water, which is rather con- 
cealed than displaced by the Mosses, while on those 
Lichen Heaths, Tundras the Laplanders call them, in 
summer the glowing soil makes every step a torture. 

The Wood-formations of the South Ameri- The catin. 
can Catingas may be opposed to the northern K""»dLiwiofl. 
Leafy woods, and, in like manner, the plains of the 
Llanos of Venezuela to the Bussian Steppes. In the 
former, of which A. von Humboldt has given such a 
vivid sketch, the sleep of Nature commences with sum- 
mer, in the hot, dry" season ; the vegetation becomes 
dried up, and Mi& to dust, leaving the ground bare; 
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animal life, in the quadrupeds, flies from the dead land, 
while the ci-ocodiles and boas burrow into the mud of 
the gradually exhausted rivers of the steppes, and with 
this become fixed, till the first torrent of rain, which 
conjures up a fresh, youthfiil vegetation on ike barren 
soil, again awakens them to life. 

The steppes It is diflereut in the Steppes which stretch 
of Aria. from southern Russia eastward through cen- 

tral Asia. I will only mention the strange Salt-steppes, 
which in summer often glance like newly fallen snow, 
from the salt which eflBioresces from the soil, and nourish 
a wholly peculiar vegetation. Yet I cannot refrain from 
attempting a brief description of the sparingly popu- 
lated but still inhabited Tartarian Steppes of Pontus. 
These do not uniformly present a level surface, being 
broken by the Durrinas^ low tracts of Bush of Black- 
thorns, Hawthorns, Roses, and Brambles. But the re- 
maining part of the vegetation is also divided by the in- 
habitants of lesser Russia, according to its use for pas- 
ture, into two essentially distinct groups, the Truwa. the 
turf, and the JBurian, the rough, branching plants which, 
on account of their woody stem, afford no sustenance to 
the herds of the Steppes. The Feather Grass* is the 
principal among the Graminaceous plants. Directly 
after flowering, it expands its long, delicately feathered 
awns, not unlike Marabout feathers, from the spike which 
rises high above the tuft of narrow, dry leaves. The 
older the Steppe, the higher develops the woody root- 
stock above the soil, to the annoyance of the mower. 

TheBurian. "Whocvcr travcls but a few miles into the 
Steppes, soon hears the word Burian, Against the 
Burian inveighs the herdsman with his oxen and horses; 

• Soholkowoi Truwa ( sUk-plant ). Stipa pexmata. 
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over the Bnrian laments the huBbandman ; the Burian 
is the curse of the gardener, but the hope of the cook. 
For in the soil of the Steppe, which is peculiarly fertile 
for certain plants, which we call weeds, these shoot up 
to an incredible height, wherever the cultivation has 
loosened the solid soil, which they avoid, and their pecu- 
liar use is, that, dried up in the autumn, they furnish 
the only fuel of these regions. Above all, as in the 
Pampas of Buenos Ayres, the Thistles dis- The Thistles. 
tinguish themselves, acquiring a size, a development 
and ramification, which is really marvelous. Often do 
they stand like little trees around the humble earth -hovels 
of the country -people ; on favorable soil, they often form 
-'extensive Bush, even overtopping the horseman, who is 
as helpless in it as in a wood, since they intercept the 
flight, and yet afford no trunk which might be climbed. 
Beside the Thistle rises the Wormwood, intermingled 
with the gigantic Mullein or High-taper, the "Steppe- 
light" of lesser Kussia. Even the little Milfoil grows 
several feet high and is not a little prized, since the in- 
habitants, who, from their poor provision, carefully exa- 
mine the heating power of the Burian, value it as the 
best material for fuel. 

But the most characteristic of all the plants The wind 
of the Burian is that which the Kussians call ^*'**- 
^^ Perekatipole^'^ the "Leap in the field," and the Ger- 
man colonists almost more happily, the " Wind Witch." 
A poor Thistle-plant, it divides its strength in the for- 
mation of numerous dry, slender shoots, which spread 
out on all sides and are entangled with one another. 
More bitter than Wormwood, the cattle will not touch it 
even in times of the utmost famine. The domes which 
it forms upon the turf are often three feet high and some- 
timefl ten to fifteen in circumference, arched over with 
30 
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naked, delicate, thin branches. In the Antumn the stem 
of the plant rots off, and the globe of branches dries up 
into a ball, light as a feather, which is then^^^riven 
through the air, by the autumnal winds, oyer the 
Steppe. Numbers of such balls often fly ato&ce over 
the plain with such rapidity that no horseman clin catch 
them; now hopping with short, quick springs aJon 
the ground, now whirling in great circles round e 
other, rolling onward in a spirit-like dance over the 
now, caught by an eddy, rising suddenly a hundred f^t 
into the air. Often one Wind Witch, hooks on to another, 
twenty more join company, andl'^e whole gigantic yet 
airy mass rolls away before the piping east-wind. Surely 
Man does not need a rocky abyss, a mine, or howling 
sea-storms to give him food enough for Superstition. 

The steppe Thc Stcppe rcccivcs a more terrible life 
on Fire. whcu a couutrymau "cleans his farm," that 

is, when he has set on fire the Burian upon it, with the 
remains of old straw and hay, now useless on account 
of the new harvest, and full of mice and other vermin, 
and when the dry grass of the Steppe has caught ; 
among the common grass it creeps like a serpent, with 
measured swiftness ; here it seizes a Burian bush, and 
TSiti^ A tremendous noise the blaze soars high toward 
heaven, crackling and hissing, there reaching a tract of 
flourishing Feather-grass, rises in a light white flame, darts 
with terrible activity over the waving field, devouring 
millions of delicate feathers in a few moments. Some- 
times, hemmed in between two roads bare of vegetation, 
or between streams of water, the flame draws itself to- 
gether and almost disappears, then, suddenly reaching 
a new dry surface of grass, gains new and fearful power, 
spreads into a wide sea of smoke and flre, in which the 
columns of flame whirling up higher and brighter than 
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the rest, mark the unlucky situations of human dwel- 
lings. Steppe-iires of this kind often move about over 
a region for eight or ten days, crossing and diverging in 
directions which cannot be calculated on, following every 
alteratvpQ of the breeze, biddfng defiance to the best 
considered attempts at escape. 

But the Steppe is; barren, rpbbed of vege- Thesteppe- 
tation ; what the flames had spared is but the- s*®™- 
victim of the icy ..breath of the piercing Winter. Ever 
denser and more gloomy, the clouds draw together, ever 
thicker falls the snow, and ever more cutting drives the 
cold north wind over the unprotected surface. The be- 
lated traveler urges his horse with the most pressing 
haste. Silver streaks rise up from the plain, and ascend 
with increasing frequency ; the wind begins to howl and 
bluster ; the air glistens more and more with crystals of 
snow, and, at last, all this becomes one dense, dim mass, 
proceeds in one direction, till, caught by a whirlwind, it 
rushes round in a circle, or rebounds from the elevated 
portions of the Steppe. This is the " Buran," the Steppe- 
storm; long before this the frightened driver has per- 
ceived its tokens, and with all the force of desperation 
lashed his gradually wearying horse. More violently 
and rapidly the snow-wreaths succeed one another, 
circling round and confounding everything in painful 
dizziness, every thought of finding the right path is 
given up, and all must be trusted to the instinct of the 
horse, which now flies as if driven by a madman, over 
the plain. Close by the sledge roars a terrified herd, 
and the passing glance through the thick snow dust, just 
allows the traveler to perceive how, blinded by anguish, 
they precipitate themselves over a precipice, at the foot 
of which their shattered bones whiten in the following 
spring. 
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The TraTei- Everj hope 8661118 lost, and d6ath C6rtam ; 
•^" R«^»™- then the night comes on, and the 8torm begins 
to flag; the masses of driven snow sink down, and, as 
suddenly as it arose, the Buran subsides, after lasting 
scarcely half a day; the atmosphere becomes again 
brightened by the evening twilight, and the exhausted 
traveler sees a human dwelling before him. If it aJBTords 
but little compensation for the toil endured, it at least 
allows of slumber. A pleasant dream bears the tired 
wanderer to the distant home. On the pleasant banks 
of the stream that glides along there, he strays through 
fertile meadows — evening sinks upon the warm earth. 
Moist, misty dews rise, refreshing, jfrom the soil, sweep 
through the bordering Alders, and clothe them in their 
vail ; Erl-King* and his daughter glide in changeful, 
sportive forms round about the gray old trunks of the 
Willows. A gentle sound trembles through the fragrant 
evening air. The bell of the native village calls him 
home, returned after restless travel over the great God's 
World, after rich impressions, exciting adventures, pres- 
sing hardships, and strange delights, back to rest, to 
that, which, in spite of all intervening things, he never 
does nor can forget, the paradise of childhood, the house 
of his parents, his mother's arms. 

^AjxBiAOEf Alder King. 
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EXPLANATION OF THE PLATES. 



.»> PLATE I. 

ALL THE FIGURES ARE OREATLT ViAONIFIED. 

Fig. 1. — Twos cells from the Snow-berry. In each is perceived a 
nucleus a, and proceeding from or toward this, numerous currents of a 
yellowish mucilaginous substance. In some of them the direction of 
the currents is indicated by an arrow. 

Fig. 2.— Two cells from the leaf of the Pink. In these may be dis- 
tinguished the colorless cell-wall, a delicate^ yellowish, mucilaginous 
coating, and some large granules colored by chlorophyll. 

Fig. 3. — A cell from the same plant, which has been moistened with 

a drop of nitri<* acid and some tincture of iodine. The green granules 

have become brown, the mucilaginous coat is coagulated and thus has 

become retracted from the wall of the cell, and forms a sac lying 

• .- ;. -loosely within it. 

Fig. 4. — A reticulate^'fibrous cell from the leaf of the broad-leaved 
'^- Gtesneria (Gesneria latifolia). 

Fig. 5. — A spiral fibrous cell &om the leaf of a tropical Orchidaceous 
plldft" ( MaxiUaria atropurpurea) . 
'f iQ. 7. — An annular fibrous cell from the stem of the Italian reed 
(Arunilo Donax), 

"FjarQ. — A very «hort bass fiber (elongated cell) from the stem of 
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th^8^. 



Fio.*9.^ — ^A little piece of a cotton fiber. 

Fig. 10. — A. piece of a filament of raw silk from a cocoon. 

Fig. 11. — ^A small portion of a fiber of sheep's wool. 

Fig. 12. — ^A small piece of the epidermis stripped from a leaf of the 
Tulip. It is composed of longish, somewhat six-sided cells, and this 
piece exhibits four stomates or breathing pores, a. 

Fig. 13. — ^A delicate section from tR&stem of the Italian reed, so cut 
that it only contains one of the vascular bundles Cthe tough fibers run- 
ning through the stem), a. Cells of the pith ; 6, vascular bundle com- 
posed of elongated cells, and these, proceeding from within outward, 
having the form of annular, spiral, porous and bass-cells ; c, cells of 
the rind, the outermost containing some granules colored by chlorophyll. 

PLATE IL 

ALL THE OBJECTS ARE REPRESENTED GREATLY ENLARGED. 

Fig. 1. — Some cells from a Cactus, containing various forms of crys- 
tals; also some loose crystals of different forms. It must be observed, 
that in Nature these various forms are never assembled so closely 
together as they have been here, for the sake ci occupying less Kpacei 

(357) 
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Fio. 2.<^Tlie external portion of a delicate transverse section of a 
gnin of Rye. a. Some layers of yellowish flattened cells, which form 
the shell of the grain ; 6, the outer layers of cells of the grain ; these 
are completely filled with a yellowish, mucilaginous matter containing 
granules ; e, the interior cells of the grain which contain little else but 
atarch granules, and only here and there a little of that granular 
mucilaginous matter which is what is called the gluten of the meal, 
and is the most nutritious constituent <^ Grain. The Bran which is 
xemoTed in grinding, contains at least all the layers to « ; all the 
jamaining cells, forming the white pr fine meal, resemble in form and 
eontents those marked c. 

Fio. 3. — Starch granules, from the Potato. 

Fio. 4. — ^Ditto, constituting East Indian Arrow-root. 

Fio. 5. — ^Ditto, genuine West Indian Arrow-root. 

Fio. 6. — ^Ditto, very commonly sold for West Indian Arrow-root. 
The medicinal properties are exactly similar in both kinds. 

Fio. 7. — A small piece of the outer layer of cells from the red-spotted 
flower-stalk of the greenish-flowered Veltheimia. It is at once seen 
that the red spots consist of little groups of cells containing red aap, 
those around being filled with green matter. It also affords a striking 
proof of the independence and perfect continuity of each cell, since 
otherwise the different colored juices must become mingled. 

Fio. B. — A fine longitudinal section of Oak-wood, consisting of 1l%>d- 
cells a ; and porous cells b, the so-called vessels of the wood. 

Fig. 9. — A fine transverse section of the same wood. In this also, 
the small, but very thick-walled wood-cells a are readily distinguished 
from the large but proportionately thin vascular cells h. At c are 
perceived some other rows o£ peculiar cells, called by vegetable ana- 
tomists medullary rays, by joiners " silver grain," which run through 
the wood, radiating from the pith to the bark. 

Fio. 10. — A delicate longitudinal section of the wood d the common 
Pine, consisting of very long porous wood-cells, which are distin- 
guished by a peculiarity of the pores. They exhibit two circles, a 
large outer one a, and a smaller one b; a peculiarity which cnly occurs 
in this particular form in the wood of Cone-bearing trees, and which 
enables us to distinguish this even in the condition of coal or fossil wood. 

PLATE III. 

HOST OP THE OBJECTS IN THIS PLATE ARE MUCH ENLAKGEP ; SUT WHIN THIS 
n NOT THE CA«B, IT IS XXP&EBSLT DENOTED BT THE LETTEXS ** N. 8.' 
(NATUEAL SIZE.) 

Fjq, 1. — ^Development of a reproductive cell of a Conferva, which fr©» 
gventlj ocGors aa a gpreen. filamexLVsoA ^UtcvA \a, ^ta^naixt water, a. The 
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Bpore (reproductive cell'). 6. First stage of development ; the sporo 
has sent out a thin, tubular process, c. Second stage ; the process has 
become elongated, and a new cell has been formed at the opposite end 
of the ^spore. d. Third stage ; the young plant has become attached 
by its elongated process to a fragment of wood, and is g^radaall^ grow- 
ing out at the other extremity into a perfect filament, by continually 
forming fresh cells. 

Fig. 2. — ^Development of the spore of a Fern. a. The spcffe, which in 
this case does not consist of a simple reproductive cell, but has a pecu< 
liar dark-colored coat. b. First stage ; the cell has broken through the 
coat and become elongated in a tubular form. e. Second stage ; in the 
protruded end of the tube several cells have been formed and are 
already green, but the original cell remains within the dark -colored 
coat. d. Third stage ; the green cells have become so much multiplied 
that they form a little roundish leaflet, the germ. e. Fourth stage 
(n. «.) ; the germ has become two-lobed, or heart-shaped; the spore-cell 
with its coat and the end of the tube is beginning to decay. /. Fifth 
stage (n. «.) ; in the notch of the germ, which has increased in size, 
a little protuberance has been formed which begins to grow downward 
into a root and upward into the first-leaf. y. Sixth stage (n. «.) ; the 
germ has reached its full development and is beginning to decay ; the 
first leaf of the plant is perfect, the second has made its appearance 
and* the root is beginning to branch, h. Seventh stage (n. «.) ; the 
germ has decayed and disappeared ; the young plant, now complete, 
develops without further peculiar phenomena. 

Fig. 3. — (n. «.). A twig with a leaf, in the axil of which has been 
formed a bud, that is a new plant connected with the original plant. 

Fig. 4. — A plant of the garden Strawberry (one-sixth of the natural 
size;. The parent plant a has sent out slender shoots from the axils 
of its leaves ; the shoots, instead of perfect leaves, have scale-like 
organs situated at a considerable distance from each other; these shoots 
are called runners. From the axil of each scale is developed a bud 
which immediately strikes root and becomes a perfect Strawberry 
plant, e. In the following year the shoot uniting it with the mother- 
plant 6 decays, and the latter thus becomes surrounded by a numerous 
progeny. 

Fig. 5. — A \eai of Brtfophylium ealycinum (n. #.), which when placed 
upon moist earth (damp air has the same influence) gradually produces 
little plants in all the indentations of its border. 

Fig. 6. — A longitudinal section of the pistil of the Heartsease (Viola 
tricolor). In the hollow head-shaped stigma lie a quantity of repro- 
ductive cells (pollen), which have been thrown upon it by the bursting 
of the anthers. These celk have all become elongated into tubes. 
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which creep through the canal of the style b down into the germen e, 
and here in part enter the numerous seed-buds (ovules) d existing 
here. 

Fio. 7. — ^A single seed-bud (ovule) of the same plant, cut through 
lengthwise, with the whole of the tube of the reproductive cell. This, 
a, is here, as in the Fern, inclosed in a dark coat, which the tube 6 has 
broken through. The free end of the tube having reached the seed-bud 
e, passes through its different envelopes till it reaches the internal 
cavity, here it swells up and becomes filled with green cells which are 
gradually transformed into the embryo, while the remaining portion, 
with the reproductive cell, gradually decays and disappears. The 
great and essential similarity of this process to that described in the 
Fern is not to be mistaken. 

Fio. S.^The end of the tube drawn out of the seed-bud at a later 
period. The tube e has beg^n to decay. The little roundish body of 
the nascent embryo shoots out to the right and left two little knobs, 
the first-leaves a ; at the upper end is the beginning of the stem, the 
opposite extremity becomes the root. 

Fio. 9. — The embryo, now almost perfect, extracted from the seed- 
bud, which by this time is transformed into the seed. The two first- 
leaves, the seed-leaves or cotyledons, are complete, a and 6, and cover 
the bud which has been formed between them ; this bud is the founda- 
tion of the future stem ; at the other end, the root c is also perfect.. At 
this period all vegetative power seems to be exhausted. The ripe seed 
is thrown o£f by the plant and lies for a varying length of time on the 
ground, the embryo within manifesting no trace of the persistence of 
life. At last, at the time appointed, germination commences, for an 
example of which the Flax-plant may serve. 

Fig. 10. — ^Longitudinal section of a Flax-seed. The embryo cut 
through lengthwise is seen to be inclosed in a double coat, and sends 
out a rootlet (radicle) below, while it ends above in a little bud 
(plumule) which is contained between two large seed-leaves or 
cotyledons. 

Fio. 11. — ^A germinating Flax-seed (n. #.). The little plant has 
burst its coats and is about to throw off its shell. 

Fig. 12. — A somewhat later stage (n. «.). The young plant has 
become perfectly independent, and'thebud, or plumule is beginning 
to develop into stem and leaves. 



^i^^»^ ^w^^i.^^^^^^ 



Plate IV is fully explained in the Fourth and Twelfth Chapters. 



THE END. 
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